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ABSTRACT.

The overall objective of this study was to 
produce a bulk concentrated mala culture for use 
directly in mala production by small scale mala 
producers. 'Mala' is a sourmilk product obtained by 
culturing pausterised milk with a liquid culture 
composed of Streptococcus cremoris, 5.
diacetilactis and Leuconostoc citrovorum. It is an 
improved version of a Kenyan traditional sourmilk 
product called 'maziwa lala'. The concentrated mala 
culture should keep well under available 
preservation conditions in order to give the small 
scale manufacturers with adequate stocks to last 
them a convenient time period before replenishing. 
The growth of the culture was investigated in three 
media, namely skimmilk, whey and tryptone, both 
when buffered with calcium carbonate or not. It was 
then harvested by centrifugation and resuspended in 
the concentrated form in 10% sterile milk. The 
keeping quality of the concentrated culture was 
evaluated under frozen and freeze-dried conditions. 
Lactose, yeast extract, glycerol and glycerine were 
used as cryoprotective agents during the keeping 
quality studies. During the storage studies the 
culture was tested for its viability, species 
balance, activity and its functionality in mala

1
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production.
It was found that the three media were equally 

good in supporting growth of the culture during 
preservation period. However, buffered whey was 
preferred because it is a by-product in cheese­
making and was more appropriate in terms of ease 
of centrifugation and cell yield. The
cryoprotective agents improved the keeping quality 
of the deep frozen culture. Glycerol and Glycerine 
were however more effective and could help maintain 
the quality of the culture upto 4 months. 
Temperatures at -32°C were better than -20°C in 
this regard. The concentrated mala culture
produced mala of acceptable quality. Quantities of 
500g were sufficient to process upto 100 litres of 
milk into acceptable mala,compared to 3 litres of 
mala culture prepared conventionally. The
processing of mala was accomplished by direct 
inoculation of lOOlitres of milk without sub­
culturing or pre-incubation. Freeze drying of the 
culture lowered its viability and its ability to 
produce lactic acid. It also changed the species 
balance by lowering the proportion of S.

diacetylactics and L. citrovorum responsible for 
aroma production. Deep freezing also reduced the 
viability and acidulating property of the culture, 
as well as lowering the proportion of the 5.

2 **
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diacetylactics and L. citrovorum but to a lesser 
extent. However, both freeze dried and deep frozen 
cultures managed to produce acceptable ,mala.

It is concluded that mala culture can be 
concentrated and preserved under the conditions 
of this study. The most economical method would be 
to grow the mala culture in whey buffered with 
calcium carbonate, concentrate by centrifugation 
and preserve by deep freezing at -32°C using 
glycerine as the cryoprotective agent.

3
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1; INTRQ.DI1C1IQII.
Concentrated starter cultures (CSC) are defined 

as starter cultures that are grown under closely 
controlled conditions, concentrated into a small 
volume and frozen or dried for storage or 
transportation (25). They can be used for direct 
inoculation into the product vat (known as Direct- 
vat-starters or Superstarters), or for preparation 
of the bulk culture that can be used in the product 
vat. The CSC are advantageous as compared to 
conventional starter culture in their 
simplicity, reproducibility and security (10).

CSC have been used in the developed countries 
for the last twenty five years (91). This tended to 
solve the problems of inefficiency and culture 
failures that hitherto were manifested in the dairy 
industry of propagating their own starter cultures. 
According to Charmeymon, 1986, use of CSC accounts 
for 10-15% of all starters used in the developed 
countries and the proportion is increasing.

Concentrated starter cultures have been used 
successfully for preparation of various dairy 
products and especially cheese. This has worked 
particularly well with single strain streptococci 
cultures. Not all cultures can be concentrated 
however. It is necessary that research be done into 
concentration of every starter culture, and 
especially the mixed species types for making
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various products (18,25,64,72,95).

The dairy industry in the developing countries 
depends on imported lyophilised cultures. These 
have to be propagated several times before use as 
a bulk starter culture. The propagation process 
is not only tedious but also expensive, requiring 
qualified labour, special equipment and transfer 
rooms. It is a risky process that calls for 
specially trained technicians to avoid
possibilities of contamination with bacteriophage 
and other micro-organisms (25,102). To minimise 
these risks cultures are used for a short time (2-3 
weeks only), before they are replaced (47). This,
in effect means that the dairy industry in
developing countries is compelled to import
lyophilised cultures continuously, which is
cumbersome and at times impossible due to non-
availability of foreign exchange.

Mala' is a cultured milk product that was 
introduced to the Kenyan market by the Kenya Co­
operative Creameries (KCC) in the early seventies. 
It was later withdrawn due to problems of 
production. It is an improved version of the 
traditional consumed sourmilk product called 
maziwa lala'. The latter is obtained by 
spontaneous lactic fermentation of unpasteurised 
milk. Kurwijila, 1980, recommended the use of a 
mixed species mesophilic type culture to make a
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product similar to mala, that was acceptable to the 
Kenyan consumers. KCC adopted this method and re­
introduced the product in the market. Other small 
scale manufacturers joined in to make similar 
products with different brand names like Moori'in 
Nyeri. Wangoh (101) conducted research into
flavoring of mala with locally available fruit 
pulps. This is yet to be commercialized but
experience shows already that there is a fast 
increasing demand in consumption of mala and other* 
cultured products in Kenya.

Some manufacturers of mala and similar products 
in Kenya rely on frozen liquid cultures prepared in 
the Department of Food Technology and Nutrition of 
the University of Nairobi. Others still use the 
traditional spontaneous fermentation method. The 
spontaneous fermentation method cannot guarantee 
quality reproduction. The frozen liquid cultures 
are liable to changes or even failure during their 
propagation through contamination. Furthermore the 
small-scale manufacturers may not posses or even 
afford the basic facilities necessary for culture 
handling. The production of concentrated starter 
cultures in Kenya that can be added directly to the 
product vat or to make bulk starter would therefore 
be a very welcome development to these manufacturers.

The aim of this work, therefore is to 
investigate possibilities of producing a
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concentrated starter culture for mala production in 
Kenya. The underlying objectives are:
1. To develop and evaluate a suitable growth 

medium and growth conditions for mala culture 
to ensure high cell yields.

2. To concentrate the cells of mala culture and 
asses their viability and functionality in mala 
production, when used directly for mala 
fermentation.

3. To evaluate the keeping quality and viability 
of Hala CSC under storage conditions available 
to and affordable by the small scale dairy
manufacturers.
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2. LITERATURE .REVIEW

2.1. Starter cultures
Starter cultures are bacterial cells 

available in liquid, lyophilised or concentrated 
forms (46,53,83). They may be present as single 
strain, multiple strain or mixed species (46). The 
strains are selected on rapidity of growth and 
lactic acid production, aroma and carbon dioxide 
production, viscosity of final product, lipolytic 
and protelytic activities and for resistance to 
bacteriophage attack (21, 46, 83).

There are two types of starter cultures (25).
1) The Thermophilic starters, also known as
rodcoccus cultures are made of rod-shaped
bacterium, usually Lactobacillus bulgaricus, L. 
lactis and/or L. helveticus, and include the 
coccus-shaped bacterium Streptococcus thermophilus. 
They are highly acidifying and have an optimum 
temperature at around 40°C. Yoghurt is a typical 
product made by this type of culture (i.e. L. 
bulgaricus and S. thermophilus). The acidity of 
yoghurt can go up to 2.1% with a pH well below 4 
and therefore this product has to be refrigerated 
in order to maintain a pH of 4.2-4.6 (46).
2) Mesophilic starter cultures made of bacteria in
Group 14 of Bergy's Classification (7) which
comprises of gram positive cocci, family
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Streptococcaceae and genus Streptococcus and 
Leuconostoc. The term Lactic Streptococci includes 
three gram positive, homofermentative, catalase 
negative bacteria that occur in pairs or chains. 
They are Streptococcus lactis, S. crenoris and 5. 
diacetilactis. The main species used from the genus 
leuconostoc is Leuconostoc cremoris (formerly 
Betacoccus crenoris syn. L. citrovoruu, which is a 
heterofermentative, and utilizes lactose to produce 
lactic acid, acetic acid and carbon dioxide (figure 
1) (7,58). L. crenoris together with Streptococcus 
diadetilactis utilize excess pyruvate to produce 
carbon dioxide, acetoin and diacetyl in the
-presence of citrate (figure 2) (7,58).

Mesophilic cultures are mild in
acidification, stopping fermentation at 0.8-1.0% 
lactic acid (25). They have an optimum temperature 
between 20 and 30°C (25). Advantages over
thermophilic cultures are that they do not require 
external heating during incubation, nor 
refrigeration at the end of fermentation to prevent 
overacidification. They have been used to produce 
buttermilk, sourmilk, sourcream and other mildly 
acidified dairy products such as mala (46). They 
can be classified according to aroma production as 
follows;
(a) B-type; Those containing only L. crenoris as

the aroma producer.
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Lactose.
II

Glucose + Galactose.

\ !
\ Galactose 1-P.

\ :
\ Glucose 1-P.

\ /
Glucose 6-P.

! HMP

6-phosphogluconic acid 
J PMP

Ribulose 5-P.

Xylulose 5-P.

/ \
Phosphogly- Acetyl P
ceraldelhyde !

EMP Acetaldehyde.

Lactate Ethanol or Acetate.

Figure 1: Heterofermentative transformation of
lactose.
Source (58).
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Citrate

Pyruvate

/
/

/

\

\

\

Active / Acetolactate Lactate
Acetaldehyde. |

Acetoin + CO2

Diacetyl

Figure 2: Diacetyl production from pyruvate, in 
presence of citric acid.

Source (58).
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%(b) D-type; Those containing only S.

diacetilactis as the aroma producer.
(c) BD-type; Those containing both L. cremoris and

S. diacetilactis as aroma producers. 
The culture used to make mala is 

classified as mesophilic BD-type culture
consisting of S. lactis 1-5%, S. cremoris 85-95 
%, S. diacetilactis <5 % and L. cremoris 5- 
10% according to the manufacturers (Chr. 
Hansen's Laboratorium Copenhagen) (107).

Robinson, 1981a, has reviewed the dairy 
starter cultures and classified them according to 
their preservation methods as follows; (a) liquid, 
(b) frozen (short term at -20 to-40°C and long term 
at -196°C) and (c) dried (freeze-dried standard and 
freeze-dried concentrates for both bulk starter or 
direct to vat starter). Roger,1981, lists four 
classes i.e. liquid culture, frozen concentrated 
cultures, lyophilised cultures and direct to vat 
inoculation (DVI) cultures. A review by Russel,1983 
gives seven classes namely, liquid, frozen 
liquid, freeze-dried, frozen concentrated, freeze- 
dried concentrated,frozen direct to vat and freeze- 
dried direct to vat cultures.

2.1.1. CONVENTIONAL. STARTER .CULTURES.
The consumption of fermented milk dates back 

to thousands of years. Fermentation was then caused
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by contaminating organisms present in the milking 
shed and residing in cracks and crevices of milk 
containers (25). The initial step towards the 
development of the culturing process, that we know 
today, was the use of a portion of the cultured 
product to add to fresh milk. This led to the 
discovery and characterization of the fermenting 
bacteria and to the practice of inoculation with 
pure cultures of starter bacteria in the early part 
of this century (25). Further improvement came with 
the technology of lyophilising culture bacteria 
for long storage and ease of shipment.

2.1.1.1. LIQUID STARTER CULTURES.
Liquid starter cultures are bacterial 

suspensions in liquid form, used to make the bulk 
starter through serial transfers or propagation to 
increase the activity and volume of the culture. 
Russell, 1983, has shown the method of 
propagation as illustrated in Figure 3.

Liquid starter cultures are maintained by 
daily transfers in a suitable medium (25,47,82). 
However, these transfers can only maintain the 
culture in good performance for 2-3 weeks. During 
this time changes in the culture occur which 
result in slow or non-starters, faulty flavours, 
over- or under-acidification, undesired viscosity 
etc. These changes are attributed to improper
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Liquid/Frozen/Freeze-dried culture.

Master culture. 10 ml. test tubes in deep 
freeze cabinet.

Mother culture. 500 ml. bottle propagated 
daily.

Feeder culture. 2-5 litres propagated daily
! before bulk starter .
| preparation.
I

Bulk starter. Inoculated with feeder
culture prepared the
previous day and used to 
inoculate the product vat 
in the next day. Volume as 
required in inoculation for 
daily manufacture.

Figure 3: Propagation of starter cultures.
Source (82).
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propagation, bacteriophage attack, species or 
strain imbalance in mixed cultures and/or 
contamination by other micro-organisms such as 
coliforms, Baccillus, yeasts and molds 
(11,21,23,80,83,92). To maintain the activity of 
cultures for prolonged periods, the active culture 
at the beginning of the exponential phase of growth 
can be preserved by refrigeration at 5-8°C for 
upto ten days or by freezing at -20 to -40"C and 
storing at that temperature for upto one year 
(21,46,47,66,96). The culture is then sub-cultured 
for further storage or preparation of the 
bulk starter. This, however, still leaves the 
tedious and risky business of propagation to the 
processing plants. To ease the burden, the 
manufacturers have turned to a central laboratory 
which can maintain the quality of the cultures and 
send the same to the processors once a week or once 
a fortnight (80). This often means shipment of 
bulk loads which is expensive. To reduce this 
cost, lyophilised cultures have been introduced.

2.1.1.2.LYQPHILIZED CULTURES.
Lyophilized starter cultures are liquid 

starter cultures that have been freeze-dried and 
packed for shipping or storage in a powder 
form. They can be stored for a long time when 
in this form. But they have low initial activity
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and have to be propagated before use. This means 
that, although they are easy to transport, they 
still have to be rejuvenated and propagated by the 
processors. They are also expensive when compared 
to liquid starter cultures.

2.1.2. CONCENTRATED STARTER CULTURES.

Concentrated starter cultures are produced by 
specialized laboratories and shipped to the 
processing plants in frozen or dried form (25). At. 
the factories, they are used for preparation of 
bulk starter or for direct vat inoculation. In this 
way, the problems of propagation in the processing 
plant are eliminated. Concentrated starter cultures 
must at least have four times as many bacteria per 
unit of volume as conventional cultures (53). 
Martins, 1977, reported that it is feasible to 
concentrate starters cultures upto 180-240 times. 
He, however, experimented with cultures 
concentrated 60 times.

According to a recent review on dairy 
starters by Robinson, 1981 (78), there are four 
types of concentrated starter cultures namely;

a) Frozen concentrated starter cultures. In the 
liquid cultures the number of the viable
bacteria is increased by use of neutralizing agents to
maintain the pH in the growth medium at 6.0-

g6.3, thereby achieving a viable count of 10 /ml.
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The culture is then frozen and stored.
b) Freeze-dried concentrates; These are 

concentrated cultures that have been lyophilized 
for use in direct inoculation or for bulk starter 
production.

c) Direct to vat cultures (DVS) are liquid 
concentrated cultures as in (a), that have been 
centrifuged to get 109-1011 viable cells/ml (25,70, 
71,74) and then frozen. They can be used for direct 
inoculation of the product vat.
d) Freeze-dried direct to vat cultures are DVS as 

in (c) which have been lyophilised and stored at 
refrigeration temperature, for direct inoculation 
into the product vat.

Starter cultures of many species of bacteria 
have been successfully concentrated. These include 
the thermophilic types (81,94). Others include the 
mixed species mesophilic type (6,8,18,35,50,59,71, 
72,95), the lactic streptococci (4,14,26,27,30,36, 
38,70) and leuconostoc (28,65). Similarly, many 
cultured dairy products have been made using 
concentrated starter cultures. Such products 
include mildly sour products (69) and cheeses such 
as Cheddar (79,84,91), cottage (91), kostroma (2), 
Stilton (8), Gruyere (81), pickled (31) and 
aanchego (64).
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2.1.2.1 Advantages qJL concentrated cultures QV.gr 

conventional cultures.
A lot of research has been conducted on the 

production and preservation of concentrated starter 
cultures. Their performance has been evaluated and 
compared with that of conventional cultures.
Gilliland, 1985, summarized the advantages 
resulting from use of concentrated cultures as 
follows: (a) The activity of the cultures can be
carefully monitored and controlled prior to. 
shipping to the processing plants. (b) The
maintenance of stock cultures in the processing 
plants is not necessary. (c) Less labour is 
required in the processing plants in dealing with 
cultures, (d) Starter culture rotations are easier 
to establish in order to maintain control over 
the bacteriophage problem. (e) Quality of the 
culture can be well maintained to avoid 
contamination with yeasts, coliforms and other 
bacteria. (f) The manufacturing procedures of 
making cultured dairy products can be improved, 
(g) Chances of culture failure and subsequent 
economic losses are minimized, (h) The quality of 
the cultured product can be controlled with regard 
to acidity, flavour and consistency. Additional 
advantages include simplicity in use and low 
storage and transport cost (11,80). Finally the 
processing plants need not have highly skilled
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microbiologists, since the mode of use and handling 
starter cultures is simplified.

2.1.2.2. Disadvantages  Qf . concentrated

starter cultures.
Gilliland, 1985, summarized the disadvantages 

of concentrated starters as follows; (a) High cost 
of producing the concentrated starter cultures, (b) 
Requirement of adequate storage space at proper low 
temperature both for shipping and maintenance of' 
cultures (c) Not all starter cultures can be 
concentrated successfully. Other additional 
disadvantages include changes in schedules in the 
processing plants, higher inoculation rates, low 
initial rate of acid production, and inadequate 
number of workable culture strains (79,80).

There is no doubt that concentrated starter 
cultures are the ideal inoculum for the bulk 
starters. But the main problem is.to concentrate 
cultures, whose concentration has so far not been 
achieved, to make the process cheaper and to 
convince the processing plants to adopt CSC.

2.2. PRODUCTION Q£ CONCENTRATED STARTER CULTURES.
The production of concentrated starter 

cultures involves the growth of the cells under 
strictly controlled conditions in a medium from 
which the cells can be easily harvested and
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concentrated into a small volume (25,26,78). The 
objective is to produce the maximum number of cells 
per unit volume,which will contain all the 
necessary enzymes to perform properly in 
fermentation processes. Gilliland, 1985, 
summarized the general stages involved in the 
production of concentrated cultures as shown in 
Figure 4. The stages include; 1) Inoculation of 
the suitable medium, 2) Incubation until culture 
reaches maximum population, 3) Concentrating* 
the cells into a small volume, 4) Suspending 
the concentrated culture in a menstrum, 5) Freezing 
or drying for storage and, 6) Shipping to 
the processing plants where it is used or stored.

2.2.1.Inoculation
It is necessary that the culture used for 

inoculation have high activity for the resulting 
culture to function properly on concentration. This 
is ensured by transferring the culture 2-3 times in 
the same medium as growth medium (26,70,72,91). The 
inoculation rate used is 1 or 2% (12,14,27,45,59, 
72). 5% has also been used (87). Kurwijila, 1978, 
used an inoculation rate of 3% for the propagation 
and use of mala culture. During incubation the 
culture should be exposed to the optimum conditions 
that lead to fast growth and high activity.
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Growth medium.
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Inoculation with culture.
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Incubation.
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Concentration of cells.
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Suspending in menstrum.
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Freezing or drying.
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ii

Frozen storage/shipment.

Figure 4: Generalized steps of preparing 
concentrated starter cultures.

Source (25).
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2.2.2. Harvesting of the concentrated cells.
Two methods have been utilized in harvesting 

the cells. Faigh et.al, 1987, used microfiltration 
to concentrate dairy cultures to high population 
and activity levels. Other scholars have used 
centrifugation at different speeds for harvesting 
the cells. Lloyd, 1971, used a speed of 3000 
revolutions per minute (RPM) and acquired a culture 
with 60-75% moisture content in skimmilk. Other 
speeds that have been used are in the range of 8000 
to 50,000 RPM (34,56,60,70,72).

It is important that the culture be harvested 
at the stage where it has the highest activity. 
This is reported to be before the stationery phase 
(3,30,52,53,73,77,96), although it is shown to go 
upto the 36th hour of growth (77). Peebles et.al., 
1976, reported that cultures grown at pH 6 could 
be harvested even six hours after reaching the 
maximum population with no loss in 'activity.
2.2.3. Storage. And. Shipment.

The storage and shipment of concentrated 
cultures require conditions that will lead to 
minimum loss in viability and activity so that the 
performance of the culture is preserved. Frozen 
storage is preferred. Frozen concentrated cultures 
can be packaged in plastic bottles (18) while 
freeze-dried cultures are distributed in aluminium 
sachets or vials (18).
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2.3. EACIQRS AEEECT1HG CELL YIELDS.
2.3.1. Gr-Qwth ttediun-

The growth medium should provide all the 
nutrients for naxinun growth of the cells and 
ensure that they have the necessary enzymes to 
enhance fermentation (25). The cells should have 
optimum activity and remain stable during extended 
storage (25). Lloyd and Port, 1973, recommended 
that the growth medium for continuous production 
of the concentrated culture should be nutritionally 
adequate, economical, and should not precipitate 
during heat sterilization.lt should contain lactose 
as the carbon source. Lactose is split by the 
homofermentative streptococci and lactobacilli into 
glucose and galactose. Glucose is fermented to 
pyruvic acid through the Hexose Diphosphate Pathway 
(HMP) (15). Pyruvic acid is then converted to 
lactic acid with trace amounts of acetic acid and 
carbon dioxide. If the concentration of lactose is 
low and especially under anaerobic conditions, 
more acetic acid is produced. This in terms of 
energy is justified since there is an extra mole of 
ATP by producing acetate instead of lactate. A 
high concentration of glucose stimulates the 
enzyme lactate dehydrogenase through fructose 
1,6-di-phosphate (see figure 5). Although
acetate is a flavour constituent and stimulates
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some useful bacteria while inhibiting
pathogens such as salmonella, it is not 
required in most cultured milk products.

The growth media that have been used for 
concentrated starter cultures include skimmilk,whey 
and various formulations of laboratory media 
based on tryptone or peptone, yeast extract,lactose 
and glucose. Skimmilk has been the medium of choice 
to a number of investigators (25,27,54,56,70,72,74, 
91), primarily because it has the same composition 
as the raw material used for preparing the cultured 
products. This ensures that the culture has a good 
balance of the strains and the necessary enzymes, 
and hence high activity. However, the growth of 
starter culture bacteria has been reported by 
Speck, 1962, to be affected by the temperature 
zone the milk is exposed to during heat 
sterilization. It is also difficult to concentrate 
the cells grown in skimmilk by centrifugation. This 
is overcome by adding upto 2Z sterile sodium 
citrate and/or adjusting the pH to 6.8-6.9 and then 
harvesting the cells within 30 minutes (4,18,25,70, 
74,95). In some cases, however, attempts to use 
sodium citrate to clarify the milk medium have 
not been very successful (25). Lloyd, 1975, used 
skimmilk supplemented with yeast extract, and added 
trypsin to digest the casein before centrifugation.

Whey has been used as a medium for producing
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c e l l  c r o p s  o f  s t a r t e r  c u l t u r e ,  m a i n l y  b e c a u s e  i t  i s  

a  b y - p r o d u c t  i n  c h e e s e  m a n u f a c t u r e ,  a n d  t h e r e f o r e  

i n e x p e n s i v e  a n d  i t  c o n t a i n s  n u t r i e n t s  t h a t  c a n  b e  

u t i l i z e d  b y  b a c t e r i a  ( 2 5 , 7 4 ) .  B u t  i t  i s  p r o n e  t o  

b a c t e r i o p h a g e  a t t a c k  a n d  l a c k s  s o m e  n u t r i e n t s  t h a t  

s u p p o r t  maximum g r o w t h  o f  s t a r t e r  c u l t u r e  b a c t e r i a .  

I t  c a n  a l s o  p r e c i p i t a t e  d u r i n g  h e a t  s t e r i l i z a t i o n  

( 2 5 , 3 0 ) .  To  c o r r e c t  f o r  t h e  m i s s i n g  n u t r i e n t s ,  much 

o f  t h e  r e s e a r c h  u s i n g  whey  h a s  b e e n  c o n c e r n e d  w i t h  

s u p p l e m e n t a t i o n ,  u s i n g  v a r i o u s  p r o p o r t i o n s  o f  

c o n c e n t r a t e d  m a i z e  e x t r a c t ,  p e p t o n e ,  y e a s t  

a u t o l y s a t e ,  e n z y m e  h y d r o l y z e d  c a s e i n ,  y e a s t  e x t r a c t  

a n d  t r y p t o n e ,  e i t h e r  s i n g l y  o r  i n  c o m b i n a t i o n  

( 4 8 , 6 5 , 7 4 ) .  P r o t e o l y t i c  e n z y m e s  f o r  p a r t i a l  

h y d r o l y s i s  o f  whe y  p r o t e i n s  h a v e  b e e n  u s e d  t o  

e n r i c h  t h e  me d i u m f o r  g r o w i n g  b a c t e r i a  a n d  t o  

p r e v e n t  p r e c i p i t a t i o n  ( 5 6 ) .  B u t  e v e n  w i t h  t h i s  

e n z y m a t i c  t r e a t m e n t ,  t h e  me d i u m h a s  n o t  b e e n  i d e a l  

f o r  maximum g r o w t h  o f  s t a r t e r  c u l t u r e  b a c t e r i a  

( 5 6 ) .  D e p r o t e i n a t i o n  o f  whe y  h a s  b e e n  u s e d  t o  

p r e v e n t  p r e c i p i t a t i o n  on h e a t i n g  b u t  i t  r e n d e r s  i t  

p o o r e r  a s  a  me d i u m ( 5 2 ) .  A c i d i c  whe y  i s  

n e u t r a l i z e d  b e f o r e  i n o c u l a t i o n  ( 8 , 7 2 ) .

T he  f o r m u l a t e d  me d i u m i s  c h o s e n  b e c a u s e  i t  i s  

e a s i e r  t o  h a r v e s t  t h e  c e l l s ,  a n d  a d j u s t  t h e  

c o n c e n t r a t i o n  o f  n u t r i e n t s  i n  t h e  me d i u m t o  t h e  

l e v e l  w h i c h  s u p p o r t s  maximum g r o w t h  o f  c u l t u r e  

b a c t e r i a  a n d  p r o d u c e  h i g h  p e r f o r m a n c e  c u l t u r e .  T h e
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medium consists of various concentrations of 
tryptone or peptone, yeast extract or yeast 
autolysate,and sugar,especially lactose and glucose 
(3,12,31,36,42,51,70). Sodium citrate is added for 
diacetyl production, and agents like Tween R80 to 
stabilize the media (28,30). The most common 
formulation used is the tryptone broth consisting 
of 2% tryptone, IX yeast extract, 2.5X lactose and 
2.5X glucose (26,27,30,42,70). Libudzisz et.al., 
1986, reported the optimum composition of 
ingredients as 0.6-0.8% lactose, 0.2-0.5X yeast 
autolysate, 0.6-0.7X peptone and 0.7-0.8 X sodium 
citrate.

The growth of starter culture bacteria in the 
three media has been compared. Petterson, 1976, 
compared the growth of a mixed species lactic 
starter in three different media namely, 9X 
reconstituted skimmilk (RSM), papain treated whey 
and tryptone medium. He found that, there was 
higher growth rate and yield in whey and tryptone 
medium than in RSM. Port and Holloway, 1968, 
reported higher maximum count and productivity 
(maximum cell count at the end of the logarithmic 
phase X the specific growth rate) of 
Streptococcus lactis when grown in skimmilk than 
in cheese whey, with IX tryptone added to both 
media. But the specific growth rate was higher and 
the generation rate shorter when the culture was
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g r o w n  i n  t h e  whe y  me d i u m t h a n  i n  t h e  s k i m m i l k  

m e d i u m .

2 . 3 . 2 .  G r o w t h  Cm d l t i o a s . .

T h e  e n v i r o n m e n t  t h e  c e l l s  a r e  e x p o s e d  t o  

d u r i n g  g r o w t h  i s  b o u n d  t o  a f f e c t  t h e  y i e l d  o f  c e l l  

c r o p s .  C o n d i t i o n s  t h a t  h a v e  b e e n  f o u n d  t o  a f f e c t  

t h e  c e l l  g r o w t h  i n c l u d e  pH,  t e m p e r a t u r e ,  g r o w t h  

f a c t o r s  a n d  c u l t i v a t i o n  m e t h o d .

2 . 3 . 2 . 1 .  pH.

A maximum p o p u l a t i o n  o f  s t a b l e  c e l l s  i s  o n l y  

o b t a i n e d  i f  t h e  pH o f  t h e  g r o w t h  me d i um i s  

m a i n t a i n e d  a t  a  c o n s t a n t  l e v e l  o f  6 . 0 - 6 . 5 ,  n e a r  t o  

t h a t  o f  m i l k  ( 1 2 , 2 5 , 4 5 , 5 4 , 7 2 , 7 4 ) .  L o w e r  c o n c e n ­

t r a t i o n s  o f  c e l l s  t h a t  a r e  u n s t a b l e  d u r i n g  s t o r a g e  

r e s u l t  when t h e  pH i s  n o t  c o n t r o l l e d .  G i l l i l a n d ,  

1 9 7 7 ,  f o u n d  t h a t  t h e  maximum p o p u l a t i o n  o b t a i n e d  

i f  t h e  c u l t u r e  i s  g r o w n  u n d e r  c o n t r o l l e d  pH o f  6 . 0  

i s  a b o u t  15 t i m e s  h i g h e r  t h a n  when t h e  pH i s  n o t  

c o n t r o l l e d .  He a l s o  f o u n d  t h a t  t h e  t i m e  t o  r e a c h  

t h e  maximum p o p u l a t i o n  w a s  l e s s  when t h e  pH w a s  

c o n t r o l l e d  a t  6 . 0  t h a n  when i t  w a s  c o n t r o l l e d  a t  

5 . 5 ,  6 . 5  o r  7 . 0 .  G i l l i l a n d  et.al., 1 9 7 0 ,  r e p o r t e d  

t h a t  t h e  maximum p o p u l a t i o n  w a s  o b t a i n e d  when t h e  

pH o f  t h e  g r o w t h  me d i u m w a s  m a i n t a i n e d  a t  a  

c o n s t a n t  pH b e t w e e n  6 . 0  t o  7 . 0 ,  w h i l e  maximum 

d i a c e t y l  p r o d u c t i o n  w a s  o b t a i n e d  when t h e  pH wa s
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Maintained at 6.0. Peebles et. al., 1969,
found that maintaining the pH constant at 5.0 
and 7.0 shortened the time to reach the maximum 
population considerably while the maximum 
population was only slighly lowered. Petterson, 
1976, observed that the maximum cell yield was 4- 
20 times higher when the pH was maintained 
constant as compared to uncontrolled pH. There was, 
however, no significant difference in the growth 
rate and maximum cell yield, when the pH was 
maintained constant at 5.5, 6.0 and 6.5. • The
method of controlling pH also affects the growth 
of the bacteria. Two methods have been applied to 
control the pH: (a) Use of neutralizers and
(b) Use of buffers.

(a) Heutralizers.
The neutralizers that have been most commonly 

used to control pH are sodium hydroxide and 
ammonium hydroxide. The use of ammonium hydroxide 
results in higher cell yield than that of sodium 
hydroxide, but the activity of these cells is lower 
(4,25,26,56,72). However, full activity is regained 
in the first subculture of the concentrated starter 
culture. This decreased activity is related to a 
decrease in the proteinase activity of the culture 
bacteria (25). Blaine et.al., 1970, reported that
the use of ammonium hydroxide or sodium carbonate
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resulted in a higher specific growth rate and cell 
yield than the use of sodium hydroxide, calcium 
hydroxide or potassium hydroxide. The use of 
ammonium hydroxide by Gilliland, 1977, and Peebles 
et.al., 1969, resulted in 1.5 to 2.5 times more 
cell yield when compared to the use of sodium 
hydroxide, but the cells had lower activity. 
However, Petterson, 1975, found no significant 
difference in the growth rate and maximum cell 
population due to the neutralizers used, although 
sodium hydroxide gave cells with decreased activity. 
It also affected the bacterial balance of mixed 
species lactic starters composed of Streptococcus 
cremoris, S. lactis, S. diacetilactis and
Leuconostoc citrovorum. Sodium hydroxide decreased 
the proportion of lactic acid producing bacteria 
relative to the aroma bacteria. Concentrated 
cultures stored frozen at -30"C are reported to 
have poorer survival when the pH during growth is 
maintained by sodium hydroxide as compared to 
ammonium hydroxide (18, 36). Addition of these 
neutralizers results in a dilution effect on the 
culture bacteria (25,27). The use of ammonia gas 
and slightly soluble buffers such as calcium 
carbonate and calcium citrate have therefore been
suggested (25).
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(b) Buffers.

There is very little documented work on the 
use of buffers to control the pH of the growth 
medium for production of starter cultures. 
However, Bannikova and Lagoda, 1975, obtained 
stable concentrated cultures of mesophilic lactic 
acid bacteria grown in a whey/hydrolyzed 
milk/sodium citrate medium. They also found that 
buffering of a whey medium by sodium citrate for 6 
to 8 hours followed by neutralization with sodium 
bicarbonate yielded the best results (48). A 
mixture of ammonium hydroxide and calcium
carbonate has been found effective in producing 
cells of Lactobaccilus acidophilus (25). At pH 
6.0 this neutralizer provides slow release of 
carbon dioxide which appears to benefit the 
growth of culture bacteria. Buffering by sodium 
citrate (66) and calcium carbonate (21,66) has 
been used as a means of preserving cultures when 
refrigerated or frozen.

2.3.2.2. T-Sjaperatur-fe.
The temperature of choice is the optimum 

temperature for growth of the bacteria culture or 
the temperature that gives the maximum cell yield 
if it does not have an adverse effect on the 
culture activity. Blaine et. al., 1970, found
that the specific growth rate and the maximum
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population of a lactic streptococci culture were 
lowered at temperatures below and above 30°C. 
Petterson, 1975, reported that the maximum cell 
yield of mixed lactic starters composed of 
Streptococcus creaoris, S. lactis, S. diacetilactis 
and Leuconostoc citrovorum increased with 
temperatures between 20-30°C and especially in 
cultures grown in 9% RSM. Reif, 1971, found out 
that there was no advantage of culturing single and 
mixed strain cultures of the lactic streptococci 
in the temperature range of 15-21°C. Culturing at 
21°C, however, took the shorter time to reach the 
maximum count and activity. The optimum conditions 
for a mixed species lactic streptococcus culture
to give maximum cell yield and maintain species

*

balance and activity were found by Efsthantiou et. 
al. 1975, to be 23-27°C and pH 6.1-6.5. The starter 
culture used for mala production has been cultured 
successfully at the ambient temperature of 23±_1°C 
by Kurwijila, 1980, and Wangoh, 1988.

2.3.3. GxQHth factors.

Cell production often drops during the growth 
of the culture bacteria, before the nutrients are 
completely exhausted, while the acid production 
continues unhampered (25). This means that growth 
is stopped due to accumulation of growth 
inhibitors. Several inhibitors occurring in the
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growth medium have been identified. These include 
oxygen,hydrogen peroxide, lack of carbon dioxide, 
accumulation of metabolites such as laptate and D- 
leucine, as well as excess nutrients such as 
lactose (3,25,30). Accumulation of lactate has been 
shown to have a negative effect on Streptococcus 
cretaoris (3) and S.lactis (74). Excessive agitation 
has also an adverse effect on the growth of the 
bacteria cultures (12,40,41,74). Keen, 1972, 
explains that agitation decreases the growth rate 
of the organisms due to decreasing availability of 
carbon dioxide (carbon dioxide effect) and of the 
soluble nitrogen (soluble nitrogen effect). The 
carbon dioxide effect was observed only when carbon 
dioxide concentration was depleted by heat 
sterilization, but not when the medium was purged 
with carbon dioxide for 30 minutes before 
inoculation. The nitrogen effect occurred when 
agitation was more than 80 rpm. An effect of direct 
oxygen toxicity was also observed and it was more 
apparent at 20°C than at 30°C (41). However, low 
amounts of oxygen stimulated growth at pH 5.05-5.45 
while accumulation of hydrogen peroxide affected 
growth at pH 5.45-6.35. Cogan et. al., 1971, 
found no effect on growth by stirring rates of 
600-700 rpm., but air sparging at one litre per 
ninute decreased growth rapidly. Addition of carbon 
dioxide at one litre per minute had little effect
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on growth, but addition of nitrogen at the same 
rate rapidly decreased the specific growth rate. 
They explained that this was probably due to carbon 
dioxide being swept away by nitrogen, and deduced 
that certain strains of the lactic streptococci 
have a partial or absolute requirement for carbon 
dioxide during growth. Marth, 1962, explained 
that lactic acid bacteria need carbon dioxide so 
as to make oxaloacetic acid. Oxaloacetic acid 
cannot be formed through the citric acid cycle, 
and it is an important precursor of essential amino 
acids such as asparagine, threonine and leucine 
(58).

2.3.4. Cultivation Method.

Both types of cultivation methods,i.e. batch 
and continuous,have been used for production of 
starter culture bacteria. The method of choice is 
the batch system. It is simpler and more convenient 
than the continuous system, in line with the 
equipment used for harvesting the cells, and does 
not require complex process steps (25).Important 
considerations when using the batch system, include 
control of pH of the growth medium, agitation and 
physiological age of the cells at harvesting time 
with respect to the activity of the concentrated 
culture (25,26,53,54). The use of the continuous 
system is associated with failure of the culture in
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performance due to bacteriophage attack, loss of
enzymes, mutations and contamination by other
micro-organisms (25,53,56 ,57). There Is also the
need for more complex equipment and change in
the production schedules for preparation of
concentrated starter cultures. Important
considerations in a continuous system are pH, 
dilution and length of tine the system is 
maintained. Wilkoskie and Fouts, 1958, proposed a 
simple system of growing starter in skimmilk, and 
found that the critical pH level below which * the 
growth rate declined was 5.3. For a lactic 
streptococci culture consisting of Streptococcus 
crenoris and S.lactis, Lloyd and Port, 1973, (56) 
found that the maximum yield for both species 
occurred at a dilution rate (flowrate / volume 
of fermentation) of 0.6, and pH 6.3 while the growth 
rate and activity of the culture increased as the 
dilution rate approached 1.0. It was explained that
this was due to the dilution of lactose which acts
as an inhibitor when in excess. However, the size
of the cells increased as the dilution rate
approached 1.0, while the cell activity of 5.
crenoris was reduced when the pH was above 6.0. 
Continuous cultures of the lactic streptococci have 
only been maintained for upto two weeks (56).
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2.4. PRESERVATION. Q£ CONCENTRATED STARTER 

CULTURES■

The preservation of starter cultures is a 
well researched topic. Several methods have been 
utilized to preserve cultures including buffering, 
addition of glycerol, sugar or salt, combination of 
high solids concentration and addition of low 
solubility neutralizers (66). This is then followed 
by freeze-drying, spray-drying or freezing (21) 
and/or storage at room temperature, or low 
temperature (21,66). The most common methods of 
preserving concentrated cultures are freezing and 
freeze-drying. More details on preservation of 
starter cultures are available from Foster, 1962, 
Olson, 1966, Reif, 1971 and Waes, 1970.

2.4.1. Refrigeration -
The use of refrigeration as a means of 

preserving concentrated cultures has been tried by 
a few researchers. Lagoda and Bannikova, 1948, 
stored a concentrated culture of mesophilic 
lactic acid bacteria in a refrigerator at 5-8°C, 
and after 2-5 days they found that it contained 
only 26-46% of the original viable cells. Girginov 
and Velichkova, 1971, and Lloyd, 1971, managed to 
store concentrated cultures at 5-8°C for 60 days, 
without change in their morphological, biological 
and biochemical properties. Besides they were more
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phage resistant than other cell suspensions. 
However, the authors did not report on their 
survival rate. Refrigeration has beqn utilized 
successfully as a means of long-term storage of 
freeze-dried and spray-dried concentrated cultures 
(78).

2.4.2. Freezing and. frozen storage.
Three temperature zones have been utilized 

for the preservation of concentrated starter 
cultures by freezing i.e. cryogenic freezing at - 
196°C, freezing at -110°C (the vapour phase of 
nitrogen) and deep-freezing at -20 to 40”C. It 
is fully agreed that freezing in liquid nitrogen 
at -196°C and storage in the same can be used to 
preserve concentrated cultures for a long time 
with no change in viability, activity, species 
balance, proteolytic activity and production of 
carbon dioxide (1,10,16,18,25,26,27,28,42,48,53,55, 
56,57,59,70,71,72,76,77,78,100). Lloyd, 1975, 
Lloyd, 1978, and Lloyd and Port, 1973, have shown 
that freezing and storage of concentrated cultures 
at the vapour phase of nitrogen at -110°C is 
equivalent to freezing and storage in liquid 
nitrogen for periods upto one year. The above two 
freezing temperatures are difficult and expensive 
to maintain and research into freezing by means 
of commercially available deep freezers have
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been suggested (18,52). Lloyd and Port, 1973, 
reported that the keeping quality of a
concentrated culture of lactic streptococci was 42%
at -20"C, 93-94% at -40°C and 100% at -110°C for#
four weeks. They attributed the low survival rate 
at -20"C and -40°C to low pH (less than 6.0) 
during storage. They found that the keeping
quality was improved by adding cryoprotective 
agents such as glycerol. Lloyd, 1975, found that 
there is a decrease in viability, acid production 
and activity for cells stored at -30°C but not at 
-40°C for three months. He recommended that the 
temperature of storage should be less than -37°C. 
This was slightly lower than Bergere's, 1969, 
suggestion that the temperature of storage should 
be less than -30°C. Gilliland, 1977, reported that 
storage of a concentrated culture of the lactic 
streptococci at -37°C with 7.5% lactose for 60 days 
was the same as storage at -196"C but when stored 
at -20°C the culture reduced its viability and its 
proteolytic and acid producing ability. Storage of 
a mixed species concentrated culture at -30"C was 
found better than storage at -10°C (18).
Bannikova and Lagoda, 1975, reported that cells 
of a mesophilic lactic acid bacteria concentrate 
lost 8-18% and 16-28% viability, after freezing 
in liquid nitrogen and then storage at -18°C 
and -6 to -8°C respectively for six months.

university of Nairobi 
LIBRARY
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Lloyd,1978, suggested that concentrated cultures 
can be stored in a deep freezer for three nonths 
only. Concentrated cultures have been successfully 
maintained at -30®C for periods of upto four
months (36,37,38,53,71,73).

Cryoprotective agents have been used to 
improve the shelf life of concentrated cultures 
during frozen storage. Glycerol has been reported 
to be most effective in maintaining the
viability, activity and species balance of the 
culture (18,25,26,48). This has been attributed to 
the OH-groups which stabilize the conformation of 
the cellular constituents (18). Other agents that 
have been used include lactose, sucrose, yeast 
extract and the supernatant from the concentrated 
starter culture (1,18,26,48,55,57).

2.4.3. Drying.

Concentrated cultures have also been
preserved by spray-drying and freeze-drying.
Jansen et. al. , 1969, has explained a method of
spray-drying in which 50% of the bacteria
survived as compared to less than 10% survival
in the freeze-dried cultures. However, the
survival of freeze-dried cultures was raised
to 50% by adding yeast extract during
culturing. Freeze-drying of concentrated cultures
leads to reduced activity and viability
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(6,25,45,71). Krasnikova et.al. , 1981, reported a 
survival rate of 40-45% in a culture 
concentrate composed of Streptococcus lactis/ S. 
creuoris, S. d iacetilactis and Leuconostoc 
dextranicun after freeze-drying and storage at 3- 
5°C for six months. They found that there was 
less decrease in biochemical activity. Diacetyl 
formation dropped from 7.6 mg/1 to 5.3mg/l. 
Bouillane et. al., 1981, found that the 
viability of a freeze-dried lactic streptococci 
culture was the same as that of deep frozen culture 
while the activity was four times lower. Freeze- 
dried concentrates are reported to be stable at 
6-8°C for six months and for two months at 18-22<>C 
when a protective medium was used (48). The use of 
5% monosodium glutamate and 7% lactose has been 
found to protect the cultures during freeze-drying
(25,71,88,91). Freeze-dried concentrated cultures 
of the lactic streptococci were found to be more 
active and stable at 25°C, when the protective 
medium contained skimmilk and 15% glycerophosphate, 
instead of skimmilk and 10% maltose or sucrose 
peptone solution (105,106). The loss in viability 
of freeze-dried concentrated cultures has been 
attributed to the presence of oxygen in the 
culture during storage (25,64,71,104). This has 
necessitated vacuum sealing of the freeze-dried 
culture or packaging in an inert gas. Reddy et,al,.
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1 9 7 4 ,  r e p o r t e d  t h a t  l y o p h i l i z a t i o n  o f  c o n c e n t r a t e d  

c u l t u r e s  i s  p r e f e r a b l e  t o  f r e e z i n g  a t  - 2 0 ° C  f o r  

m a i n t a i n i n g  t h e  c o m p o n e n t  b a l a n c e  o f  m i x e d  l a c t i c  

c u l t u r e s .  F r e e z e - d r i e d  c o n c e n t r a t e d  c u l t u r e s  h a v e  

b e e n  u s e d  d i r e c t l y  t o  m a n u f a c t u r e  C h e d d a r  c h e e s e ,  

b u t  w e r e  f o u n d  t o  b e  m o r e  e x p e n s i v e  t h a n  f r o z e n  

c o n c e n t r a t e d  c u l t u r e s  ( 2 5 , 3 7 , 7 8 ) .  H o w e v e r ,  a  f r e e z e  

- d r i e d  c o n c e n t r a t e d  c u l t u r e  w o u l d  b e  a d v a n t a g e o u s  

a s  i t  i s  e a s i e r  t o  s h i p  t o  t h e  p r o c e s s i n g  p l a n t  a n d  

s t o r e  t h a n  f r o z e n  c o n c e n t r a t e d  c u l t u r e s .

2 . 5 .  PERFORMANCE Q£  CONCENTRATED CULTURES.

T h e  p e r f o r m a n c e  o f  c o n c e n t r a t e d  l a c t i c  

c u l t u r e s  h a s  m a i n l y  b e e n  e x p r e s s e d  by  two  

p a r a m e t e r s  n a m e l y  v i a b i l i t y  a n d  a c t i v i t y .  O t h e r  

i m p o r t a n t  p a r a m e t e r s  i n c l u d e  s p e c i e s  o r  s t r a i n  

b a l a n c e ,  v i s c o s i t y ,  f l a v o u r  o r  d i a c e t y l  f o r m a t i o n ,  

p r o t e o l y t i c  a c t i v i t y ,  a s  w e l l  a s  c a r b o n  d i o x i d e  

f o r m a t i o n  a n d  r e s i s t a n c e  t o  b a c t e r i o p h a g e  a t t a c k .  

I n  e v a l u a t i o n  o f  t h e  p e r f o r m a n c e  o f  c o n c e n t r a t e d  

c u l t u r e s  m o r e  p r a c t i c a l  d a t a  i s  o b t a i n e d  f r o m  t h e  

f i r s t  s u b - c u l t u r e  ( 7 6 ) .

2.5.1. Viability..
T h e  m a i n  m e t h o d  u s e d  t o  e x p r e s s  t h e  n u m b e r  o f  

v i a b l e  c e l l s  i s  t h e  p l a t e  c o u n t  m e t h o d

( 3 , 1 8 , 2 6 , 5 7 , 6 4 , 7 0 , 7 2 , 7 6 , 9 1 ) .  E l l i k e r  e t . a l 1 9 5 6 ,  

d e s c r i b e d  a n  a g a r  c u l t u r e  me d i u m f o r  t h e  l a c t i c
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streptococci and most other lactic acid bacteria. 
The medium proved to be superior to all others with 
regard to ease of preparation, clarity, and ease of 
counting and colony development. This lactic agar 
has been used to express the total viable count of 
concentrated cultures by several workers
(17,18,91). Other media that have been used include 
Oxoid-plate count agar (57), calcium citrate agar 
(72) and Reddy's differential medium for 
enumeration of the lactic streptococci (26).

Considering the need to know the viability 
of the cells of concentrated cultures within a 
short time more rapid methods than the pour plate 
technique have been used. The direct microscopic 
count has been used by Port and Holloway, 1968, 
and Keen, 1972. Karaski et.al., 1976, have 
described a rapid method for estimation of 
bacterial population in milk. The dry weight 
determination has also been used (14,65).

2.5.2. Activity.
The activity of a culture is expressed as the 

quantity of lactic acid formed in milk inoculated 
at a given rate and incubated for a fixed time at a 
given temperature. There are three methods of 
expressing activity namely: (a) Determining the 
acidity at the end of coagulation of milk (18 -24 
hrs.) at room or higher temperature. (b)
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Determining the acidity at the onset or daring 
the exponential phase of growth and, (c) By 
simulating the production of the cultured product 
i.e. checking the time of curdling or the time to 
reach a certain pH. The most common method is (b) 
where the acidity of a substrate containing 10-11 
X RSM inoculated with a culture at the rate of 1- 
3 X and incubated at 30-37°C for 1.5-6.0 hrs. is 
determined by titrating with sodium
hydroxide (0.1N) upto pH 8.2-8.4.
(18,33,46,56,59,60,64,70,77,91). This method is 
preferred to the other two because it is quicker 
and more accurate since the activity of cultures 
decreases after the exponential phase of growth 
(3).

2.5.3. Flavour and Viscosity.
The main flavour constituents of cultured 

dairy products are diacetyl and acetaldehyde. But 
the determination of diacetyl alone has been used 
in expressing the performance of concentrated 
mesophilic cultures. Oberman et.al,. 1986, 
reported that the diacetyl and acetoin production 
of a deep frozen culture of Leuconostoc crenoris 
decreased by 25-50% after frozen storage for 
one month. The decrease in diacetyl production 
may however be due to decrease in aroma bacteria, 
reduction to acetoin and 2,3, butylene glycol by
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means of diacetyl reductase enzyme, and\or 
volatilization (46). Pack et.al.,1964, have 
described a method of determining diacetyl in 
mixed strain starters which is a modification of 
the Owades and Jakovac method for diacetyl 
determination in beer. This method has been 
improved by Walsh and Cogan, 1974. Acetaldehyde 
is important as a flavour constituent in 
products made by using thermophilic starters. 
The diacetyl; acetaldehyde balance is important 
in some products such as buttermilk.

The consistency of a coagulum made from the 
concentrated culture is an important criterion 
for judging the performance of the culture. The 
inoculum should be as such to produce a coagulum 
similar to that made by the conventional 
culture in a milk substrate with the same 
solids-not-fat and butterfat, when subjected to 
the same heat treatment.

2.5.4. Species Balance -
The species balance is important in the 

concentration of mixed species cultures because 
it affects the performance of the culture in 
flavour formation. The most important factor in 
species balance is the ratio of aroma bacteria to 
the total bacterial population. Reddy's agar 
medium for differential enumeration of the lactic
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s t r e p t o c o c c i  ( 7 6 )  h a s  b e e n  u s e d  t o  d i f f e r e n t i a t e  

b e t w e e n  t h e  d i f f e r e n t  s p e c i e s  o f  t h e  l a c t i c  

s t r e p t o c o c c i  on t h e  b a s i s  o f  a c i d ,  a m m o n i a  a n d  

c a r b o n  d i o x i d e  d e v e l o p m e n t  ( 1 8 , 2 6 , 7 6 ) .  M u l l a n  a n d  

W a l k e r ,  1 9 7 9  h a v e  d e s c r i b e d  a n  a g a r  me d i um a n d  a  

s i m p l e  s t r e a k i n g  t e c h n i q u e  f o r  t h e  

d i f f e r e n t i a t i o n  o f  t h e  l a c t i c  s t r e p t o c o c c i  on t h e  

b a s i s  o f  t h e  c o l o u r  o f  t h e  c o l o n i e s .  T h e s e  two  

m e d i a  c a n n o t  b e  u s e d  t o  d i f f e r e n t i a t e  a  m i x e d  

s p e c i e s  c u l t u r e  t h a t  c o n t a i n s  L. cremoris  a s  o n e  

o f  t h e  c o m p o n e n t  s p e c i e s .  T h e  a g a r  me d i u m o f  

G a l e s l o o t  et.al. 1 9 6 1 ,  h a s  b e e n  u s e d  f o r  t h e  

i s o l a t i o n  a n d  e n u m e r a t i o n  o f  t h e  a r o m a b a c t e r  i n  

s t a r t e r s  ( 1 8 , 2 4 ) .  As  t h e  m e t h o d  o f  G a l e s l o o t  

et.al . i s  t e d i o u s  a n d  t i m e  c o n s u m i n g ,  t h e  m e t h o d  

o f  N i c k e l s  a n d  L e e s m e n t ,  1 9 6 4 ,  h a s  b e e n  a d o p t e d  

( 7 1 , 7 2 ) .  T h e  d i f f e r e n t i a t i o n  o f  t h e  a r o m a b a c t e r  

s p e c i e s  i n  t h e  l a s t  two  m e t h o d s  i s  b a s e d  on t h e  

s i z e  o f  c l e a r  z o n e s  a r o u n d  t h e  c o l o n i e s ,  w h i c h  

r e s u l t  f r o m  t h e  f e r m e n t a t i o n  o f  c i t r a t e .  T h e  

d i f f e r e n c e  i n  t h e  s i z e  o f  t h e  c l e a r  z o n e s  

r e f l e c t s  t h e  d i f f e r e n c e  i n  t h e  g r o w t h  r a t e  o f  t h e  

two  s p e c i e s  o f  t h e  a r o m a b a c t e r .

2 . 5 . 5 .  B a c t e r i o p h a g e  R e s i s t a n c e .

T h e  p e r f o r m a n c e  o f  c o n c e n t r a t e d  c u l t u r e s  i s  

a f f e c t e d  b y  b a c t e r i o p h a g e  a t t a c k  a n d  

c o n t a m i n a t i o n  b y  o t h e r  m i c r o - o r g a n i s m s .  T he
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presence of bacteriophage can be determined by 
the change in colour of milk inoculated with the 
culture in the presence of bromocresol purple 
indicator (35,95), while the number of 
bacteriophages can be estimated by the plaque 
forming around the bacteria colonies (61).

2.5.6. Sensory Evaluation -
The final criterion for determining the 

performance of the concentrated starters is the 
acceptability of the cultured products made with 
the culture by the consumers. This is tested 
through sensory evaluation of the products by 
taste panels. Preference and ranking tests have
been used (46).



44

3 . 0 .  MATERIALS AND METHODS

3 . 1 .  MATERIALS AND APPARATUS

3 . 1 . 1 .  C u l t u r e

T h e  c u l t u r e  u s e d  w a s  a  f r o z e n  l i q u i d  t y p e  

m a i n t a i n e d  i n  t h e  D e p a r t m e n t  o f  F o o d  T e c h n o l o g y  a nd  

N u t r i t i o n  ( D F T N ) .  I t  h a d  b e e n  ma d e  f r o m  a

l y o p h i l i s e d  c u l t u r e  o b t a i n e d  f r o m  C h r ' H a u s e n ' s  

l a b o r a t o r i u m ,  D e n m a r k .  A c c o r d i n g  t o  t h e  

m a n u f a c t u r e r s ,  t h e  l y o p h i l i s e d  c u l t u r e  i s  c o m p o s e d  

o f  "Streptococcous lactis  1 - 5 % . ,  S. Cremoris  89.- 

95%,  S. diacetilactis  <5% a n d  Leuconostoc

cremoris  5 - 1 0 % .  T h e  f r o z e n  l i q u i d  c u l t u r e  w a s  

t h a w e d  a t  r oom t e m p e r a t u r e ,  s u b c u l t u r e d  i n  s k i m m i l k  

t h r e e  t i m e s  when maximum a c t i v i t y  w a s  r e g a i n e d  a n d  

u s e d  t o  i n o c u l a t e  s t e r i l e  s k i m m i l k  a t  a  r a t e  o f  3% 

( v / v ) .  T h e  i n o c u l a t e d  s k i m m i l k  w a s  t h e n

a s c e p t i c a l l y  f i l l e d  i n t o  1 0 0 m l  p l a s t i c  b o t t l e s  w i t h  

s c r e w c a p s .  T h e s e  w e r e  i m m e d i a t e l y  f r o z e n  i n  a  d e e p -  

f r e e z e r  t o  p r e s e r v e  t h e  c u l t u r e  ( 4 6 ) .  W h e n e v e r  

n e e d e d  a  b o t t l e  o f  c u l t u r e  w a s  r e m o v e d  f r o m  t h e  

d e e p  f r e e z e r ,  a l l o w e d  t o  t h a w  f o r  t wo  h o u r s  a nd  

i n c u b a t e d  f o r  1 4 - 1 8  h o u r s  a t  r oo m t e m p e r a t u r e .  S u c h

a  c u l t u r e w a s u s e d f o r  s t u d y  a f t e r  two  s e r i a l

t r a n s f e r s  i n s k i m m i l k ( 4 5 ,  5 9 ,  7 2 ) .  I t  w a s o n l y

u s e d  f o r  a maximum p e r i o d  o f  t wo  w e e k s . The

i n o c u l a t i o n r a t e o f 3% ( v / v )  w a s  a d o p t e d  i n a l l

t r a n s f e r s  a n d  e x p e r i m e n t a l  w o r k  ( 4 6 , 9 1 ) .
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3 . 1 . 2 .  F r e s h . m i l k

F r e s h  m i l k  w a s  o b t a i n e d  

f a r m  a n d  s k i m m e d  a t  t h e  p i l o t  

b u t t e r f a t  w a s  s t a n d a r d i s e d  t o  

h e a t e d  t o  9 0 - 9 2 ° C  a n d  h e l d  a t  

3 0  m i n u t e s .  I t  w a s  u s e d  t o  

s e n s o r y  e v a l u a t i o n .

f r o m  t h e  U n i v e r s i t y  

p l a n t  o f  DFTN. T h e  

3 . 3 % .  T h e  m i l k  w a s  

t h i s  t e m p e r a t u r e  f o r  

ma ke  p r o d u c t s  f o r

3 . 1 . 3 .  Rec .QHS-Li tut . ed  s k i m m i l k

N o n - f a t  m i l k  p o w d e r  w a s  o b t a i n e d  f r o m  K e n y a  

C o - o p e r a t i v e  c r e a m e r i e s  ( K C C ) .  I t  w a s  r e c o n s t i t u t e d  

w i t h  w a t e r  a t  11% (W/ V)  ( 4 , 1 8 )  w h e n e v e r  n e e d e d .  

C a l c i u m  c a r b o n a t e  w a s  a d d e d  w h e r e  a p p l i c a b l e  a nd  

t h e  r e c o n s t i t u t e d  s k i m m i l k  ( RSM) s t e r i l i s e d  b y  

h e a t i n g  t o  9 5 - 1 0 0 ° C  a n d  h o l d i n g  i t  a t  t h i s  

t e m p e r a t u r e s  f o r  4 5  m i n u t e s  ( 2 ) .  I t  w a s  u s e d  f o r  

t h e  g r o w t h  o f  t h e  m a l a  c u l t u r e .

3 . 1 . 4 .  Whev

S w e e t - w h e y  w a s  o b t a i n e d  f r o m  t h e  DFTN p i l o t  

p l a n t  a s  a  b y  p r o d u c t  o f  c h e e s e  m a k i n g .  I t  w a s  

p a s t e u r i s e d  a t  6 3 ° C  f o r  3 0  m i n u t e s ,  c o o l e d ,  p a c k e d  

i n t o  p l a s t i c  b a g s  a n d  p r e s e r v e d  b y  d e e p - f r e e z i n g  a t  

- 3 2 ° C  ( 7 4 ) .  W h e n e v e r  n e e d e d ,  t h e  whey  w a s  t h a w e d  a t  

r o o m t e m p e r a t u r e s  a n d  t r e a t e d  i n  t h r e e  w a y s : -  1 )  

T h e  pH w a s  a d j u s t e d  t o  6 . 5  b y  1 N s o d i u m  h y d r o x i d e  

( 7 4 ) ,  C a C 03 a d d e d  w h e r e  a p p l i c a b l e  a n d  t h e  me d i u m 

s t e r i l i z e d  a t  9 0 ° C  f o r  4 5  m i n u t e s  ( 2 ) .  S u c h  whey 

w a s  u s e d  w i t h i n  24  h r s .  2 )  T h e  whey  w a s  h e a t e d  t o
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9 2 ° C  a n d  h e l d  a t  t h i s  t e m p e r a t u r e  f o r  3 m i n u t e s .  2% 

c i t r i c  w a s  a d d e d  t o  pH 4 . 6  a n d  t h e  whe y  f i l t e r e d .  

T h e  pH o f  t h e  c l e a r  whe y  w a s  a d j u s t e d  t o  6 . 5 ,  C a C 03 

a d d e d  w h e r e  a p p l i c a b l e  a n d  t h e  me d i u m s t e r i l i s e d  a t  

1 2 1 ° C  f o r  15 m i n u t e s  ( 7 4 ) .  3 )  T h e  whey w a s  h e a t e d  

t o  3 5 ° C ,  pH a d j u s t e d  t o  4 . 5  a n d  p a p a i n  a d d e d  f o r  

p a r t i a l  h y d r o l y s i s  o f  t h e  whey  p r o t e i n s .  T h e

t r e a t e d  whey  w a s  b o i l e d  f o r  5 m i n u t e s  t o  d e n a t u r e  

t h e  e n z y m e  a n d  t h e n  f i l t e r e d .  T h e  pH o f  t h e  c l e a r  

whe y  w a s  a d j u s t e d  t o  6 . 5  a n d  s t e r i l i s e d  a t  1 2 1 ° C  

f o r  15 m i n u t e s  ( 7 4 ) .  T h e  t h r e e  whey  p r e p a r a t i o n s  

w e r e  c o m p a r e d  f o r  s u p p o r t  o f  t h e  g r o w t h  o f  t h e  m a l a  

c u l t u r e .  T h e  m o s t  a p p r o p r i a t e  p r e p a r a t i o n  w a s

a d o p t e d  f o r  f u r t h e r  s t u d y  w i t h  t h e  o t h e r  t wo  m e d i a .

3.1.5. Tryptone broth
T h e  t r y p t o n e  b r o t h  w a s  c o m p o s e d  o f  2% 

t r y p t o n e  0 . 2 5 %  y e a s t  e x t r a c t ,  0 . 5 %  g l u c o s e ,  0 . 5 %  

l a c t o s e  a n d  0 . 1 %  s o d i u m  c i t r a t e  d i s s o l v e d  i n

d i s t i l l e d  w a t e r .  C a C 03 w a s  a d d e d  w h e r e  a p p l i c a b l e  

a n d  t h e  me d i um s t e r i l i s e d  a t  1 2 1 ° C  f o r  15 m i n u t e s .  

T h e  b r o t h  me d i u m w a s  u s e d  f o r  t h e  g r o w t h  o f  t h e  

c u l t u r e .

3 . 1 . 6 .  A g a r  m e d i a

T h e  l a c t i c  a g a r  w a s  p r e p a r e d  f r o m  t h e  

i n g r e d i e n t s  a c c o r d i n g  t o  S p e c k ,  1 9 8 4 .  I t  w a s

s t e r i l i s e d  a t  1 2 1 ° C  f o r  15  m i n u t e s .  I t  w a s  u s e d  f o r
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e n u m e r a t i o n  o f  t h e  t o t a l  l a c t i c  a c i d  b a c t e r i a  c o u n t  

i n  t h e  c u l t u r e .

T h e  p o t a t o  d e x t r o s e  a g a r  a n d  v i o l e t  r e d  b i l e  

a g a r  w a s  p r e p a r e d  f r o m  t h e  i n g r e d i e n t s  a c c o r d i n g  t o  

S p e c k ,  1 9 8 4 .  T h e y  w e r e  s t e r i l i s e d  a t  1 2 1 ° C  f ° r  15 

m i n u t e s  a n d  u s e d  t o  c h e c k  t h e  c o n t a m i n a t i o n  o f  t h e  

c u l t u r e  b y  y e a s t s  a n d  m o l d s  a n d  b y  c o l i f ° r ms  

r e s p e c t i v e l y .

T h e  c a l c i u m  c i t r a t e  a g a r  s u b s t r a t e  wa s  p r e p a r e d  

f r o m  t h e  i n g r e d i e n t s  a n d  s t e r i l i s e d  a c c o r d i n g  t o  N i c k e l s  

a n d  L e e s m e n t ,  1 9 6 4 .  I t  w a s  u s e d  a s  a  c o n s t i t u e n t  o f  t h e  

c a l c i u m  c i t r a t e  a g a r .

A f r e s h  f i l t r a t e  f r o m  t h e  c u l t u r e d  m i l k  w a s  

u s e d  a s  a  c o n s t i t u e n t  o f  t h e  c a l c i u m  c i t r a t e  a g a r  

i n s t e a d  o f  t h e  c u l t u r e d  c r e a m  f i l t r a t e  r e c o m m e n d e d  by 

N i c k e l s  a n d  L e a s m e n t ,  1 9 6 4 .  I t  w a s  s t e r i l i s e d  a t  121  C 

f o r  15 m i n u t e s .

C a l c i u m  c i t r a t e  w a s  n o t  a v a i l a b l e  i n  t h e  l o c a l  

m a r k e t .  I t  w a s  p r e p a r e d  b y  t h e  s t o i c h i o m e t r r e a c t i o n  

b e t w e e n  c i t r i c  a c i d  a n d  c a l c i u m  c a r b o n a t e .  7 . 3 6 g  o f  

c i t r i c  a c i d  ( C g H g O y . F ^ O )  w a s  d i s s o l v e d  i n  warm d i s t i l l e d  

w a t e r  t o  g i v e  1 0 0 m l  o f  c i t r i c  a c i d  s o l u t i o n  a t  60  C.  

5 . 2 5 8 g  o f  c a l c i u m  c a r b o n a t e  w a s  r e a c t e d  c o m p l e t e l y  w i t h  

a l l  t h e  1 0 0 m l  c i t r i c  a c i d  s o l u t i o n .  T h e  r e a c t i o n  

p r o c e e d e d  a s  f o l l o w s :

3 CaCOg + 2C0H3O7.H2 -  C a g C ^ H l O ^ ^  + 3CO2 + ^ 2^

The above quantities of citric acid and CaCO^
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a r e  c a l c u l a t e d  f r o m  t h i s  s t o i c h i o m e t r i c  e q u a t i o n  s o  

a s  t o  g i v e  a  c o n c e n t r a t i o n  o f  l O g  c a l c i u m  c i t r a t e  

p e r  1 0 0  ml  i n  t h e  f i n a l  s o l u t i o n .  T h e  c a l c i u m  

c i t r a t e  s o l u t i o n  w a s  u s e d  t o  ma k e  a  s u s p e n s i o n  by  

m i x i n g  t h e  1 0 0  ml  s o l u t i o n  a t  6 0 ° C  w i t h  1 . 5 g  o f  

c a r b o x y m e t h y l - C e l l u l o s e  a n d  b l e n d i n g  t h e  m i x e r  w i t h  

a  k i t c h e n  b l e n d e r  f o r  5 m i n u t e s  t o  g e t  a  s t a b l e  

s u s p e n s i o n .  T h e  s u s p e n s i o n  w a s  t r a n s f e r r e d  i n t o  1 0 0  

ml  d i l u t i o n  b o t t l e s  a n d  s t e r i l i s e d  a t  1 2 1 ° C  f o r  15 

m i n u t e s .  I t  w a s  p r e s e r v e d  i n  a  r e f r i g e r a t o r  a t  5 -  

8 ° C  u n t i l  when r e q u i r e d .  I t  w a s  u s e d  a s  a  

c o n s t i t u e n t  o f  t h e  c a l c i u m  c i t r a t e  a g a r .

T h e  c a l c i u m  c i t r a t e  a g a r  w a s  ma d e  by  

a s c e p t i c a l l y  a d d i n g  1 0 ml  o f  t h e  s u s p e n s i o n  a n d  5 ml  

o f  t h e  c u l t u r e d  m i l k  f i l t r a t e  i n t o  8 5 m l  o f  t h e  

c a l c i u m  c i t r a t e  a g a r  s u b s t r a t e  j u s t  b e f o r e  p o u r i n g  

i n t o  t h e  p l a t e s  ( 6 3 ) .  T h e  c a l c i u m  c i t r a t e  a g a r  w a s  

u s e d  t o  e n u m e r a t e  t h e  a r o m a b a c t e r i a  i n  t h e  c u l t u r e  

( 6 3 ) .

3.1.7. Diluent, solution.
P e p t o n e  w a t e r  w a s  p r e p a r e d  a c c o r d i n g  t o  

S p e c k ,  1 9 8 4 ,  s t e r i l i s e d  a t  1 2 1 ° C  f o r  15 m i n u t e s  a n d  

u s e d  f o r  d i l u t i o n  p u r p o s e s .

3.2. CHEMICALS
T h e  f o l l o w i n g  c h e m i c a l s  w e r e  o b t a i n e d  f r o m  

Ho ws e  a n d  M e . G e o r g e  L t d ,  N a i r o b i .  A c e t o n e ,  A g a r ,
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Ammonium hydroxide, Bromocresol purple, Calcium 
carboante, Calcium lactate, Citric acid, Gelatine, 
Glycerine, Glucose, Hydroxylamine,. Lactose,
Posassium phosphate, Potassium sodium tartarate, 
Sodium Acetate, Sodium chloride, Sodium hydroxide, 
Sucrose, Tri-sodium citrate, Tryptone and Yeast 
extract. Other chemicals namely Casamino acids and 
Carboxymethyl cellulose were obtained from Difco 
Laboratories, Michigan, USA.

3.3. Apparatus
3.3.1. Laboratory Apparatus.

The pH meter used was Tistriskop model E516, 
Switzerland.

Centrifugation in the laboratory was carried 
out in a Beckman, United Kingdom, model TJ-6, 
centrifuge using 100ml polyproplene tubes fitted 
with screwcaps.

Growth of the culture in large quantities was 
carried out in a Chemap, Switzerland, model AG, PC. 
fermenter with a capacity of six litres.

The freeze-drier used was Christ, Bremen, 
West Germany, model Beta I.

The viscosity was determined in the Torsion 
viscometer, model, Rheameter STV, from Contravenes 
A.G. Switzerland.

3.3.2. Pilot plant equipment
The fresh milk was skimmed in a manual
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s k i m m i n g  m a c h i n e .

C e n t r i f u g a t i o n  o f  l a r g e  q u a n t i t i e s  wa s  

a c h i e v e d  b y  u s i n g  t h e  L a b o r a t o r y  s e p a r a t o r ,  M o d e l  

LAPX 2 0 2 ,  S w i t z e r l a n d .

3 . 4 .  EXPERIMENTATION METHODS

3 . 4 . 1 .  G r o w t h  characte.xizat.iQa.
T h e  g r o w t h  o f  t h e  c u l t u r e  i n  t h e  t h r e e  m e d i a  

n a m e l y  r e c o n s t i t u t e d  s k i m m i l k  ( R S M ) ,  whey a n d  

t r y p t o n e  b r o t h ,  u n b u f f e r e d  o r  b u f f e r e d  w i t h  Ca C03 

w a s  c a r r i e d  o u t  i n  2 0 0  ml  o f  t h e  me d i u m i n  3 0 0  ml  

g l a s s  j a r s  w i t h  s c r e w - c a p s .  A f t e r  i n o c u l a t i o n  t h e  

m e d i a  w a s  i n c u b a t e d  a t  r o o m t e m p e r a t u r e  ( 2 4 + l ° C ) .  

15 ml  s a m p l e s  w e r e  w i t h d r a w n  a t  two  h o u r l y

i n t e r v a l s  f o r  2 4  h o u r s .  T h e  s a m p l e s  w e r e  u s e d  f o r  

t h e  d e t e r m i n a t i o n  o f  t o t a l  v i a b l e  c o u n t  ( T V C ) ,  

a c t i v i t y ,  pH a n d  a c i d i t y  d e v e l o p e d .  The  d a t a  

o b t a i n e d  w a s  u s e d  t o  p l o t  t h e  g r o w t h  c u r v e s  f r o m  

w h i c h  t h e  c h a r a c t e r i s t i c s  o f  t h e  c u l t u r e  w e r e  

d e t e r m i n e d .  T h e  h a r v e s t i n g  t i m e  o f  t h e  c u l t u r e  w a s  

d e t e r m i n e d  a s  t h e  t i m e  when b o t h  t h e  maximum TVC 

a n d  a c t i v i t y  a r e  o b t a i n e d .

3 . 4 . 2 .  G r o w t h  o p t i m i s a t i o n

T h e c u l t u r e w a s  g r o w n  a s  i n  3 . 4 . 1 . b u t

s a m p l e s w e r e w i t h d r a w n i m m e d i a t e l y a f t e r

i n o c u l a t i o n a n d a t  t h e h a r v e s t i n g  t i m e ( a s

d e t e r m i n e d f  rom 3 . 4 . 1 .  ) . F i v e  r e p l i c a t e s w e r e
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conducted in each of the three media when
unbuffered and buffered with CaC0 3 - The samples 
were used for determination of TVC activity, pH, 
acidity and percentage aromabacter. The results 
were used to compare the growth in the three media 
and how buffering affects the growth of the 
culture.

3.4.3. Concentration
Cultures at harvest time were neutrilized by 

IN NaOH to pH 6.9 (4,18). Cultures grown in RSM 
were further treated with 2% sodium citrate to
break casein particles (4,37,91). The cultures were 
harvested by centrifugation in the Beckman
centrifuge. The centrifugation conditions adapted 
were 4,000 r.p.m. for 30 minutes, the maximum speed 
possible in this centrifuge. The concentrated 
culture was analysed for TVC, activity, X

aromabacter, as well as contamination by coliforms 
and yeasts and molds. The concentrated culture was 
suspended in RSM at 30% of original volume and re­
incubated for four hours to determine the change in
the activity (72).

3.4.4. Preservation of concentrated culture
Cultures for preservation studies were needed

in large quantities. They could not be grown in the 
300 ml glass jar nor concentrated in the 100 ml 
tubes of the Beckman centrifuge. Instead four

\
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litres of the culture were grown in the six litre 
Chemap glass fermenter as shown in plate 1. Such 
culture was concentrated by the laboratory 
separation running at 10,000 r.p.m. and ejecting 
the concentrated culture every two minutes.

The concentrated cultures were resuspended in 
3% RSM and mixed with cryoprotective agents where 
applicable. The following cryoprotective agents 
were investigated and compared to preservation with 
no agent; 10% glycerol, 10% glycerine, 7% lactose 
and 5% yeast extract (18,72). The cultures were 
divided into 100ml portions and filled into 250ml 
plastic bottles with screwcaps. They were deep 
frozen at -32 and -20°C (5).

Concentrated cultures were also freeze-dried. 
The conditions used were 0.05 at pressure and 
35°C for 24 hours. The freeze-dried concentrated 
culture was packed in plastic bags and stored in a 
refrigerator.

3.4.5. Performance, of concentrated, mala culture 

during preservation..
Tests for thawing conditions of the culture 

were conducted on the frozen concentrated culture 
by holding the same at different temperatures for 
different time intervals as suggested by several 
workers (2,42,49,53,76,84,91). The optimum thawing 
conditions were determined and adapted for further



53

P l a t e  1 .  F e r m e n t a t i o n  e q u i p m e n t  u s e d  t o  p r o d u c e  

c u l t u r e  b a c t e r i a l  c e l l  on m a s s e s .

I .  F e r m e n t a t i o n  v e s s e l  2 .  S a m p l i n g  p o i n t  3 .  

T h e r m o m e t e r  4 .  G a s  o u t l e t  5 .  B a f f l e  6 . G a s  i n l e t  7 .  

I n o c u l a t i o n  p o i n t  8 . pH p r o b e  9 .  S t i r r e r  1 0 .  T i m b e r

I I .  pH m e t e r  1 2 .  W a t e r  o u t l e t  1 3 .  W a t e r  j a c k e t  

1 4 .  W a t e r  i n l e t  1 5 .  P u l s a t i n g  pump 1 6 .  C h i l l e d  

w a t e r  r e s e r v o i r  1 7 .  S t i r r e r  s p e e d  c o n t r o l  1 8 .  

S t i r r e r  m o r t a r  1 9 .  S t a n d s  2 0 .  G a s  s o u r c e  2 1 .  

B u r r e t  w i t h  0 . 1  N NaOH 2 2 .  S a m p l e s
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s t u d i e s .

T h e  c u l t u r e  b o t t l e s  w e r e  r e m o v e d  f r o m  t h e  

d e e p  f r e e z e r  a f t e r  o n e  d a y  a n d  t h e r e a f t e r  a t  t h r e e  

w e e k s  i n t e r v a l s  f o r  f o u r  m o n t h s .  T h e y  w e r e  a l l o w e d  

t o  t h a w  a s  r e q u i r e d  a n d  u s e d  t o  e v a l u a t e  t h e i r  

p e r f o r m a n c e  d u r i n g  f r o z e n  s t o r a g e .  T h e  f r e e z e - d r i e d  

c u l t u r e  w a s  r e m o v e d  f r o m  t h e  r e f r i g e r a t o r  a n d  u s e d  

i m m e d i a t e l y .  T h e  c u l t u r e s  w e r e  t e s t e d  f o r  TVC,  

s p e c i e s  b a l a n c e ,  a c t i v i t y  a n d  c o n t a m i n a t i o n .  T h e y  

w e r e  u s e d  t o  ma ke  m a l a  w h i c h  w a s  t e s t e d  f o r  pH,  

a c i d i t i t y ,  v i s c o s i t y  a n d  d i a c e t y l  f o r m a t i o n .  The  

p r o d u c t s  w e r e  s u b j e c t e d  t o  s e n s o r y  e v a l u a t i o n  a nd  

c o m p a r e d  t o  m a l a  made  b y  t h e  c o n v e n t i o n a l  c u l t u r e .

3.4.6. Mala product,ion
M a l a  w a s  p r o d u c e d  a c c o r d i n g  t o  t h e  m e t h o d  

r e c o m m e n d e d  b y  K u r w i j i l a ,  1 9 8 0  a n d  a d o p t e d  b y  DFTN. 

T h e  i n o c u l a t i o n  r a t e  o f  3% ( V / V )  w a s  u s e d  f o r  t h e  

c o n v e n t i o n a l  c u l t u r e  a n d  a n  i n o c u l a i t o n  r a t e  t o  

g i v e  a n  e q u i v a l e n t  n u m b e r  o f  c e l l s  o f  t h e  

c o n c e n t r a t e d  c u l t u r e .  F r e s h  m i l k  w i t h  3 . 3 %

b u f f e r f a t  w a s  u s e d .

3 . 5 .  MICROBIOLOGICAL DETERMINATIONS

3 . 5 . 1 .  T o t a l  v i a b l e  count._(T_V_C_1

T h e  TVC w a s  d e t e r m i n e d  b y  t h e  p o u r  p l a t e  

c o l o n y  c o u n t  m e t h o d  i n  l a c t i c  a g a r .  A f t e r  p o u r i n g  

a n d  o v e r l y i n g ,  t h e  p l a t e s  w e r e  i n c u b a t e d  a t  3 0 ° C
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for 48 hours (19,22,91). The enumeration, recording 
and reporting of the colony count was done
according to Standard Methods for Examination of 
Dairy Products (100).

3.5.2. Species Balance
Species Balance was expressed as the 

percentage aromabacter of the TVC. The 
aromabacteria count was determined in the calcium 
citrate agar according to the method of Nickels and 
Leesment, 1964.

3.5.3. Contamination
The culture was tested for contamination by 

yeasts and molds and by coliforms from the 
microbial count of the same in acidified potato
dextrose agar and in violet red bile agar
respectively (89). The enumeration, recording and 
reporting of the count was done according to the 
Standard Methods for Examination of Dairy Products 
( 1 0 0 ) .

3.5.4. Bacteriophage
Following the observation of rapid loss of 

viability in some cultures during preservation it 
was felt necessary to test the same for the 
presence of bacteriophage. The method by Hong, 
1982, and Suzzane and Sandine, 1981, was adopted 
for the determination of bacteriophage presence in
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t h e  c u l t u r e s .

3.5.5. Activity
T h e  a c t i v i t y  o f  t h e  c u l t u r e  w a s  e x p r e s s e d  a s  

t h e  a c i d i t y  d e v e l o p e d  i n  RSM by  t h e  c u l t u r e

i n o c u l a t e d  a t  a  s p e c i f i e d  r a t e  a n d  i n c u b a t e d  i n  a  

s p e c i f i c  t e m p e r a t u r e  f o r  a  g i v e n  t i m e  p e r i o d .  Two 

t e s t s  w e r e  u s e d  f o r  d e t e r m i n a t i o n  o f  c u l t u r e

a c t i v i t y  n a m e l y : -

1 . 1 0 % c o n v e n t i o n a l  c u l t u r e  o r  c o n c e n t r a t e d  c u l t u r e  

t o  g i v e  e q u i v a l e n t  i n o c u l a t i o n  r a t e ,  i n c u b a t e d  

a t  3 5 ° C  f o r  e x a c t l y  f i v e  h o u r s .

2 . 3 % c o n v e n t i o n a l  c u l t u r e  o r  c o n c e n t r a t e d  c u l t u r e  

g i v i n g  a n  e q u i v a l e n t  i n o c u l a t i o n  r a t e ,  i n c u b a t e d  

a t  r o o m t e m p e r a t u r e  f o r  18 h o u r s .

T h e  f i r s t  t e s t  i s  m o r e  a c c u r a t e  t h a n  t h e  

s e c o n d  ( 3 3 , 9 5 )  a n d  w a s  u s e d  d u r i n g  t h e  f i r s t  p a r t  

o f  t h e  s t u d y .  H o w e v e r ,  i t  w a s  i n c o n s i s t e n t  w i t h  

e x p e r i m e n t a t i o n  p r o c e d u r e s  o f  t h e  l a t e r  p a r t  o f  t h e  

s t u d y  a n d  t h e  s e c o n d  t e s t  w a s  u s e d .

3 . 6 .  CHEMICAL ANALYSIS

3.6.1. Acidity.
A c i d i t y  w a s  e x p r e s s e d  a s  t h e  p e r c e n t a g e  

l a c t i c  a c i d  i n  t h e  c u l t u r e  p r o d u c t .  I t  w a s

d e t e r m i n e d  b y  t i t r a t i n g  a  10 ml  s a m p l e  w i t h  0 . 1  N 

NaOH t o  pH 8 . 4  ( 4 6 ) .  T h e  p e r c e n t a g e  l a c t i c  a c i d  w a s  

c a l c u l a t e d  a s  f o l l o w s : -  

% L a c t i c  a c i d  = T i t r e  x  0 . 0 9  ( 8 9 ) .
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3.6.2. Diacfi-tyJL Determination
D i a c e t y l  w a s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  

m e t h o d  o f  O w a d e s  a n d  J a c o v a c  a s  d e s c r i b e d  b y  P a c k  

et. al. 1 9 6 4 .  T h e  r e a g e n t s  w e r e  p r e p a r e d  a c c o r d i n g  

t o  t h e  i m p r o v e d  m e t h o d  b y  W a l s h  a n d  C o g a n ,  1 9 7 4 .  

T h e  s t a n d a r d  c u r v e  i s  s h o w n  i n  f i g u r e  6 a n d  w a s  

a r r i v e d  a t  w i t h  s t a n d a r d  s o l u t i o n  o f  d i m e t h y l  

g l y o x i n e .  T h e  s t a n d a r d  s o l u t i o n  w a s  p r e p a r e d  

a c c o r d i n g  t o  t h e  A . O . A . C .  m e t h o d  1 0 . 4 7  ( 1 0 3 )  b u t  

t r e a t e d  a c c o r d i n g  t o  t h e  O w a d e s  a n d  J a k o v a c  m e t h o d  

( 6 7 ) .  T h e  a p p a r a t u s  w e r e  a r r a n g e d  a s  s ho wn i n  p l a t e  

I I .

3 . 6 . 3 .  pH

T h e  pH w a s  d e t e r m i n e d  b y  t h e  pH m e t e r ,  E 5 1 6 ,  

T i t r i s k o p ,  S w i t z e r l a n d .

3 . 6 . 4 .  V i s c o s i t y

T h e  v i s c o s i t y  o f  t h e  s t i r r e d  c u l t u r e d  p r o d u c t  

w a s  m e a s u r e d  b y  T o r s i o n  v i s c o m e t e r ,  a t  2 5 ° C  u s i n g  

s y s t e m  A a n d  s p e e d  I I  ( 4 6 ) .  T h e  v i s c o m e t e r  w a s  

c a l i b r a t e d  w i t h  g l y c e r o l .

3 . 7 .  SENSORY EVALUATION.

S e n s o r y  e v a l u a t i o n  t e s t s  w e r e  c o n d u c t e d  t o  

a s s e s s  t h e  p r o d u c t  ma de  b y  t h e  c o n c e n t r a t e d  c u l t u r e  

a n d  c o m p a r e  t h e  s a m e  w i t h  p r o d u c t s  ma d e  b y  t h e

c o n v e n t i o n a l c u l t u r e .  Two t e s t s  w e r e  c o n d u c t e d
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Fig. 6. Standard curve for diacetyl determination



59

P l a t e  I I :  A p p a r a t u s  u s e d  f o r  d i s t i l l a t i o n  a nd

c o l l e c t i o n  o f  d i a c e t y l .

1 .  C a r b o n  d i o x i d e  s o u r c e  2 .  G a s s i n g  m a n i f o l d  3 .  

G l a s s  j a r s  c o n t a i n i n g  s a m p l e s  4 .  D i s t i l l a t e  

c o l l e c t i o n  t u b e s  5 .  W a t e r  b a t h  a t  6 5 * 0 .  6 . T e s t  

t u b e  r a c k  7 .  A d j u s t a b l e  s t a n d  8 . T i m e r  c l o c k  9 .  

S a m p l e s  1 0 .  T h e r m o m e t e r .
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namely, Triangle test and Ranking Preference test. 
Samples were presented in coded cups together with 
the instruction forms. The procedure and analysis 
was conducted according to Hearthenbell, 1970. The 
instruction forms and analysis charts for the two 
tests are shown in appendices I to Iv.
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4 .  RESULTS

4 . 1 .  GROWTH S T UD I E S

4 . 1 . 1 .  G r o w t h  o f  t h e  m a l a  s t a r t e r  c u l t u r e

D a t a  o b t a i n e d  f r o m  t h e  g r o w t h  o f  t h e  m a l a  

c u l t u r e  i n  t h r e e  d i f f e r e n t  m e d i a ,  n a m e l y ,  s k i m m i l k ,  

whey  a n d  t r y p t o n e  ( b r o t h )  when u n b u f f e r e d  a n d  when 

b u f f e r e d  w i t h  c a l c i u m  c a r b o n a t e  w e r e  u s e d  t o  p l o t  

t h e  g r o w t h  c u r v e s  s ho wn i n  f i g u r e  7 F r o m  t h e s e  

c u r v e s ,  i m p o r t a n t  p a r a m e t e r s  t o  c h a r a c t e r i s e  g r o w t h  

o f  t h e  c u l t u r e  w e r e  d e t e r m i n e d  a n d  e x p r e s s e d  i n  

t a b l e  1 .  T h e  g r o w t h  o f  t h e  c u l t u r e  a s  e x p r e s s e d  by  

t h e  t o t a l  v i a b l e  c o u n t  ( T V C )  w a s  d i f f e r e n t  i n  t h e  

t h r e e  m e d i a  a n d  a l s o  u n d e r  t h e  d i f f e r e n t  c o n d i t i o n s  

o f  b u f f e r i n g .  When g r o w n  i n  t h e  u n b u f f e r e d  m e d i a ,  

t h e  l a g  p h a s e  o f  t h e  c u l t u r e  w a s  a b o u t  33% s h o r t e r  

i n  s k i m m i l k  a n d  t r y p t o n e  t h a n  i n  w h e y .  S i m i l a r l y  

t h e  s t a t i o n e r y  p h a s e ,  t h e  s p e c i f i c  g r o w t h  r a t e  a n d  

maximum c o u n t  w e r e  a b o u t  1 . 2  t o  1 . 5  t i m e s  h i g h e r  

when t h e  c u l t u r e  w a s  g r o w n  i n  m i l k  t h a n  i n  t h e  

o t h e r  t wo  m e d i a .  B u f f e r i n g  t h e  m e d i a  w i t h  c a l c i u m  

c a r b o n a t e  d i d  n o t  c h a n g e  t h e  l a g  p h a s e  b u t  t h e  

o t h e r  c h a r a c t e r i s t i c s  w e r e  i m p r o v e d .  T he  

s t a t i o n e r y  p h a s e  w a s  i n c r e a s e d  b y  50% i n  whey  a nd  

t r y p t o n e  a n d  25% i n  m i l k .  T h e  s p e c i f i c  g r o w t h  r a t e  

w a s  i n c r e a s e d  b y  7- 9% i n  m i l k  a n d  whe y  a n d  2% i n  

t r y p t o n e .  T h e  maximum c o u n t  w a s  i n c r e a s e d  b y  65% i n  

t r y p t o n e ,  20% i n  whey a n d  5% i n  m i l k .
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e X; The growth characteristics of the mala culture.

Î SSSS**-=••=;i: “== ":::̂ “ = " * " ~ = “ ~ *   “  ..-    ......
Skim milk Whey Tryptone broth

unbuffered buffered unbuffered buffered unbuffered buffered

tionery
5& ( h r s .  ) 8 10 4 6 4 6

cific
nth r a t e  ' 0 . 7 7  0 . 8 4  0 . 6 6  0 . 7 1  0 . 7  0 . 7 1
i)
imurn
rt ( ) 6 . 8  7 . 1  5 . 2  6 . 5  5 . 4  8 . 9
iu/iTil)

Speci f i c gr owt h r a t e calculat ed accor ding t o the

1̂1 ow i n g f or mu 1 a e ;

^ 2.303 (log.Xi — log.XQ)
------------------------------------------------ < 14)

t -i — tt  o

| 6 xo:= TVC at time to. 

xl= TVC at time t^.

ar'd t_0 and t ]_ are both in the logarithmic 

Phase of growth.
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4 . 1 . 2 .  B u f f e r i n g  c a p a c i t y  o f  c a l c i u m  c a r b o n a t e  

S k i m m i l k  w a s  u s e d  t o  e v a l u a t e  t h e  b u f f e r i n g  

e f f e c t i v e n e s s  o f  c a l c i u m  c a r b o n a t e  i n  t h e  m e d i a  

d u r i n g  g r o w t h  o f  t h e  m a l a  c u l t u r e .  T h e  pH c h a n g e  

a n d  l a c t i c  a c i d  d e v e l o p m e n t  w e r e  f o l l o w e d  d u r i n g  

g r o w t h .  A p l o t  o f  t h e  pH v a l u e s  a g a i n s t  t h e  

c o r r e s p o n d i n g  l a c t i c  a c i d  v a l u e s  i s  e x p r e s s e d  i n  

f i g u r e  7 .  T h e  b u f f e r i n g  e f f e c t i v e n e s s  c a n  b e

e x p r e s s e d  b y  t h e  s l o p e  o f  t h e  c u r v e ,  w h i c h  i s  t h e  

r a t e  o f  pH d e c l i n e  a s  c o m p a r e d  t o  t h e  l a c t i c  a c i d  

d e v e l o p m e n t .  T h e  s l o p e  o f  t h e  b u f f e r e d  me d i u m w a s

3 . 3  a s  c o m p a r e d  t o  3 . 8  f o r  u n b u f f e r e d  m e d i u m .  T h i s  

s h o w s  t h a t  t h e  c a l c i u m  c a r b o n a t e  h a s  a  b u f f e r i n g  

e f f e c t i v e n e s s  o f  15% o v e r  t h a t  o f  t h e  m e d i u m .  I t  

c a n  a l s o  b e  s e e n  f r o m  f i g u r e  7 t h a t  t h e  f i n a l  pH i s  

h i g h e r  i n  t h e  b u f f e r e d  t h a n  u n b u f f e r e d  me d i u m by  

a b o u t  0 . 7 0  pH u n i t s .  A n d ,  t h e  f i n a l  a c i d i t y  (% 

L a c t i c  a c i d )  d e v e l o p e d  i n  t h e  b u f f e r e d  me d i u m i s  

a b o u t  27% l o w e r  t h a n  i n  t h e  u n b u f f e r e d  m e d i u m .

4 . 1 . 3  C h a n g e  i n  A c t i v i t y  o f  C u l t u r e  D u r i n g

Growth..
T h e  a c t i v i t y  o f  t h e  m a l a  c u l t u r e  w a s  

f o l l o w e d  d u r i n g  t h e  g r o w t h  o f  t h e  c u l t u r e  i n  t h e  

t h r e e  m e d i a  a n d  u n d e r  t h e  t wo  l e v e l s  o f  b u f f e r i n g  

f o r  24  h o u r s .  A c t i v i t y  w a s  e x p r e s s e d  a s  t h e  p e r c e n t  

l a c t i c  a c i d  f o r m e d  b y  a  1 0 % c u l t u r e  i n o c u l a t e d  i n t o  

m i l k  a n d  i n c u b a t e d  a t  3 5 ° C  f o r  e x a c t l y  f i v e  h o u r s .
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Fig. 8 T h e  b u f f e r i n g  e f f e c t i v e n e s s  o f  c a l c i u m  c a r b o n a t e  

i n  s k i m m i l k ;
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The change in the activity oT the culture is shown
in figure 9 . The activity of the mala culture in
whey and tryptone were initially very low, but
picked up during the second and third hour of
growth , reaching a maximum at the 8th to 12th hour
of growth. This period when the culture obtained 
the naxinun activity correspond to the logarithmic 
phase of the culture as observed in figure 7. 
However, there was a slight decrease of activity 
beyond the 12 hours age upto the age of 24 hours. 
The maximum activity obtained by the mala culture 
was 8 to 18% higher when grown in milk as opposed 
to the other two media. Buffering, on the other 
hand did not affect the maximum activity achieved 
in milk. However, the maximum activity was 
increased by 4 and 9% when culture was grown in 
whey and tryptone respectively.

From the above observations, it was deduced 
that the harvesting time of the mala culture should 
be at the age of 18 hours when both the maximum 
count and activity have been achieved. However, the 
culture could be harvested at the age of 24 hours 
with only a slight decrease in the maximum count 
and activity. For convenience of the working 
procedures, the harvesting age of 24 hours was 
adopted for the rest of the project.

4.2. GROWTH OPTIMISATION AHD CQHCEflTRATIQH
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4L.2...1... Effect of G r o w t h _ l l e d i a  a n d  B u f f e r i n g  

on ..pH and Acidity Formation.
T a b l e  2 s h o w s  t h e  r e s u l t s  o f  f i v e  

r e p l i c a t e s  o f  t h e  i n i t i a l  a n d  f i n a l  pH a n d  a c i d i t y  

o f  t h e  m a l a  c u l t u r e  i n  t h e  t h r e e  m e d i a  a n d  a t  t h e  

t wo  l e v e l s  o f  b u f f e r i n g .  I t  w a s  o b s e r v e d  t h a t  t h e  

f i n a l  pH f o r  t h e  t h r e e  m e d i a  w a s  a l m o s t  t h e  s a m e  i n  

t h e  u n b u f f e r e d  m e d i a .  T h i s  w a s  t h e  s a m e  c a s e  i n  t h e  

b u f f e r e d  m e d i a  e x c e p t  t h e  pH o f  m i l k  w a s  s l i g h t l y  

l o w e r  b y  a b o u t  0 . 2 5  u n i t s  t h a n  t h e  o t h e r  two  m e d i a .

T h e f i n a l  pH o f t h e  b u f f e r e d  m e d i a  w a s  h i g h e r t h a n

t h a t o f  t h e  u n b u f f e r e d  m e d i a  by a b o u t  0 . 7 0 , 0 . 8 0

a n d 0 . 9 4  pH u n i t s  f o r  m i l k , t r y p t o n e  a n d whey

r e s p e c t i v e l y . T h e  f i n a l  pH o f t h e  b u f f e r e d m e d i a

w a s a b o v e  pH 5 . 0  i n  a l l  t h e t h r e e  m e d i a . T he

a c i d i t y  f o r m e d  w a s  a b o u t  1 . 2  t o  1 . 5  t i m e s  h i g h e r  i n  

m i l k  t h a n  i n  t r y p t o n e  a n d  whey when u n b u f f e r e d .  

B u f f e r i n g  d e c r e a s e d  t h e  a c i d i t y  f o r m e d  b y  16% i n  

m i l k  a n d  22% i n  whe y  a n d  t r y p t o n e .  I t  w a s  f o u n d  

t h a t  t h e r e  w a s  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  

u n b u f f e r e d  a n d  b u f f e r e d  m e d i a  w i t h  r e s p e c t  t o  t h e  

f i n a l  pH a n d  a c i d i t y  f o r m e d  i n  a l l  t h e  t h r e e  m e d i a .

T h e  b u f f e r i n g  e f f e c t i v e n e s s  o f  C a C 03 on t h e  

t h r e e  m e d i a  w a s  c a l c u l a t e d  f r o m  t h e  d a t a  o f  t a b l e  

2 ,  a n d  a r e  s h o w n  i n  t a b l e  3 .  I t  w a s  f o u n d  t o  b e  i n  

t h e  o r d e r  o f  15% i n  m i l k  a n d  t r y p t o n e  a n d  22% i n

w h e y .
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T a b l e  2 : E f f e c t  o f g r o w t h  m e d i a a nd b u f f e r i n g on t h e  pH

c h a n g e  a n d l a c t i c a c i d d e v e l o p m e n t  o f t h e  m a l a

s t a r t e r  c u l t u r e .

b u f f e r i n g i n i t i a l (0 h r s . ) f  i n a l ( 2 4  h r s . )
G r o w t h

w i t h
m e d i a

C a C 03 it a  pH %LAa . u apH %LAa .

u n b u f f e r e d 6 . 5 2 0 . 1 7

i 
n

 
1 

o
ii 

^

1 
o

1 
CO 

1 
CO

1 
o

S k i m m i l k
b u f f e r e d 6 . 6 0 0 . 1 6 5 . 1 0 0 . 7 6

u n b u f f e r e d 6 . 2 3 0 . 1 4 4 . 4 2 b o CD O o

Whey
b u f f e r e d 6 . 5 3 0 . 1 1 5 . 3 6 0 . 4 9

'
u n b u f f e r e d 6 . 1 9 0 . 2 2 4 . 5 3 b 0 . 7 2 C

T r y p t o n e
B r o t h b u f f e r e d 6 . 4 1 0 . 2 1 5 . 3 3 0 . 5 9

a :  Mean o f  f i v e  r e p l i c a t e s .

b :  S i g n i f i c a n t  d i f f e r e n c e  ( p < 0 . 0 5 )  i n  PH b e t w e e n  t h e  b u f f e r i n g  

a n d  u n b u f f e r i n g  i n  e a c h  m e d i u m  .

c : S i g n i f i c a n t  d i f f e r e n c e  ( p < 0 . 0 5 )  i n  % l a c t i c  a c i d  b e t w e e n  

b u f f e r i n g  a n d  u n b u f f e r i n g  f o r  e a c h  m e d i u m .
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T a b l e  3 :  T h e  b u f f e r i n g  e f f e c t  o f  c a l c i u m  c a r b o n a t e  on t h e  

m e d i a  d u r i n g  t h e  g r o w t h  o f  m a l a  c u l t u r e .

B u f f e r i n g  e f f e c t i v e n e s s  o f  C a C 0 3 a

G r o w t h

M e d i a
g r o w t h  m e d i a  

a l o n e  

( p H / % L A . )

g r o w t h  m e d i a  

w i t h  b u f f e r  

( p H / % L A . )

b u f f e r  a l o n e  

(% o f  g r o w t h  

m e d i a )

S k i m m i l k 2 . 9 6 2 . 5 0 1 5 . 5 0

Whey 3 . 9 3 3 . 0 8 2 1 . 6 0

T r y p t o n e 3 . 3 2 2 . 8 4 1 4 . 5 0

a :  B u f f e r i n g  e f f e c t i v e n e s s i s  e x p r e s s e d  a s

I n i t i a l pH -  F i n a l pH.

F i n a l  % LA.  -  I n i t i a l  % LA.
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4 . 2 . 2 .  E f f e c t  o f  G r o w t h  M e d i a ,  a n d  B u f f e r i n g

on, the .toLal. viable count.CI.VC).

T h e  e f f e c t  o f  g r o w t h  m e d i a  a n d  b u f f e r i n g  w i t h  C a C 03 

on t h e  TVC o f  t h e  m a l a  c u l t u r e  i s  s h o w n  i n  t a b l e  4 .  

T h e r e  w a s  a  n e t  i n c r e a s e  o f  1 1 0 - 1 4 0  t i m e s  i n  t h e  TVC o f  

t h e  m a l a  c u l t u r e  d u r i n g  t h e  24  h o u r s  o f  g r o w t h .  B u t  an 

e x t r e m e l y  h i g h  i n c r e a s e  ( o f  1 9 0 )  t i m e s  w a s  r e p o r t e d  i n  

b u f f e r e d  w h e y .  T h e  TVC a t  h a r v e s t  w a s  f o u n d  t o  b e  w i t h i n
g

a  r a n g e  o f  7 . 0  -  9 . 0  x  10 c f u / m l  w i t h  l ow v a l u e s  b e i n g  

r e p o r t e d  i n  t r y p t o n e .  B u f f e r i n g  t h e  m e d i a  i n c r e a s e d  t h e  

TVC o f  t h e  c u l t u r e  a t  h a r v e s t  t i m e  a n d  a f t e r  

c e n t r i f u g a t i o n .  T h e  n e t  i n c r e a s e  i n  TVC d u r i n g  g r o w t h  

w a s  b y  1 . 7  t i m e s  i n  t r y p t o n e  b u t  b y  1 . 3  a n d  1 . 2  t i m e s  i n  

m i l k  a n d  whey  r e s p e c t i v e l y  d u e  t o  b u f f e r i n g  . On t h e  t h e  

o t h e r  h a n d  t h e  TVC on c e n t r i f u g a t i o n  w a s  i n c r e a s e d  by  

1 . 4  t i m e s  i n  whe y  a n d  t r y p t o n e  a n d  d e c r e a s e d  b y  25% i n  

m i l k .  T h e r e  w e r e  l a r g e  s t a n d a r d  e r r o r s  i n  t h e  v a l u e s  o f  

TVC a f t e r  c e n t r i f u g a t i o n .  T h i s  w a s  d u e  t o  i n a c c u r a c i e s  

r e s u l t i n g  f r o m  e r r o r s  a s s o c i a t e d  w i t h  t h e  c e n t r i f u g a t i o n  

m e t h o d .  Due t o  t h e  a b o v e  f a c t o r ,  t h e  c e l l  y i e l d  w a s  

c o n s i d e r e d  a s  a  b e t t e r  wa y  o f  e v a l u a t i n g  t h e  e f f e c t  o f  

m e d i a  a n d  b u f f e r i n g  on t h e  c o n c e n t r a t i o n  o f  t h e  m a l a  

c u l t u r e .

4 . 2 . 3 .  E f f e c t _ . Qf _ Gr . QH. L h  M e d i a  a n d  B u f f a r i n g

Qn C e l l  Y i e l d  Qf  t h e  Ma l a  C u l t u r e .
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f a b l e  4 :  E f f e c t  o f  g r o w t h  m e d i a  a n d  b u f f e r i n g  on t h e  t o t a l  v i a b l e  

c o u n t  ( T V C )  o f  m a l a  c u l t u r e .

B u f f e r i n g
Growth

T o t a l  v i a b l e  c o u n t  ( c f u / m l . ) a  ( * 1 0 ^ )

w i t h
Medial b

C a C 0 3 C I n i t i a l  

( O h r s . )

F i n a l  

( 2 4  h r s .

N e t

) I n c r e a s e

A f t e r

h a r v e s t

u n b u f f e r e d 6 . 2 7 4 0 7 3 4 8 5 0 0 0
S k i m m i l k

b u f f e r e d 6 . 3 9 0 0 8 9 4 6 4 0 0 0

u n b u f f e r e d 6 . 6 8 7 0 8 6 3 5 1 0 0 0
Whey

b u f f e r e d 6 . 3 1200 1 1 9 4 7 0 0 0 0

u n b u f f e r e d 7 . 1 4 4 0 4 3 3 5 6 0 0 0
T r y p t o n e
B r o t h b u f f e r e d 6 . 8 7 5 0 7 4 3 7 8 0 0 0

a: Mean o f  f i v e  r e p l i c a t e s .

b : *' No s i g n i f i c a n c e  ( p < 0 . 0 5 )  i n  TVC b e t w e e n  t h e  t h r e e  m e d i a ,  

c:  No s i g n i f i c a n c e  ( p < 0 . 0 5 )  i n  TVC b e t w e e n  b u f f e r i n g  a n d  

u n b u f f e r i n g  i n  e a c h  m e d i u m

1
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T h e  c e l l  y i e l d  o f  t h e  m a l a  c u l t u r e  w a s  

e x p r e s s e d  a s  t h e  w e i g h t  i n  g r a m s  o f  t h e  

c o n c e n t r a t e d  c e l l s  r e c o v e r e d  b y  c e n t r i f u g a t i o n  p e r  

1 00  ml  o f  t h e  c u l t u r e  h a r v e s t e d .  T h i s  v a l u e  w a s  

c o r r e c t e d  f o r  s o l i d s - n o t - c e l l s  u s i n g  a  b l a n k .  T h e  

c e l l  y i e l d  o b t a i n e d  f r o m  t h e  t h r e e  m e d i a  a t  t h e  two 

l e v e l s  o f  b u f f e r i n g  a r e  s ho wn i n  t a b l e  5 .  I t  i s
s'

o b s e r v e d  t h a t  i n  t h e  u n b u f f e r e d  c u l t u r e s ,  c e l l  

y i e l d s  w e r e  h i g h e s t  i n  m i l k ,  16% l e s s  i n  whey a nd  

62% l e s s  i n  t r y p t o n e .  B u t  i n  t h e  b u f f e r e d  c u l t u r e s ,  

t h e  c e l l  y i e l d s  w a s  h i g h e s t  i n  w h e y ,  1 2 % l e s s  i n  

m i l k  a n d  6 6 % l e s s  i n  t r y p t o n e .  B u f f e r i n g ,  

t h e r e f o r e ,  i n c r e a s e d  t h e  c e l l  y i e l d  b y  47% i n  whey 

a n d  o n l y  9 a n d  10% i n  m i l k  a n d  t r y p t o n e  

r e s p e c t i v e l y .  T h e r e  w a s  a  g o o d  r e l a t i o n s h i p  b e t w e e n  

t h e  f i n a l  pH o f  t h e  m e d i a ,  t h e  TVC a t  h a r v e s t  a n d  

t h e  c e l l  y i e l d  o f  t h e  c u l t u r e  ( T a b l e  2 ,  4 a n d  5 . )

4 . 2 . 4 .  E f f e c t  o f  G r o w t h .  M e d i a  a n d  B u f f e r i n g  

on t h e  A c t i v i t y  o f  M a l a  C u l t u r e  

T a b l e  6 s h o w s  t h e  a c t i v i t y  o f  t h e  m a l a  

c u l t u r e  a f t e r  2 4  h o u r s  g r o w t h  i n  t h e  t h r e e  m e d i a ,  

a f t e r  c e n t r i f u g a t i o n  a n d  a f t e r  r e - i n c u b a t i o n  i n  

m i l k  f o r  18 h o u r s .  I t  c a n  b e  o b s e r v e d  t h a t  pH w a s  

n o t  s e n s i t i v e  i n  d i f f e r e n t i a t i n g  t h e  a c t i v i t y  a s  a  

r e s u l t  o f  v a r i o u s  t r e a t m e n t s  o f  m e d i a  a n d  

b u f f e r i n g .  P e r c e n t  l a c t i c  a c i d  w a s  f o u n d  b e t t e r  i n

e x p r e s s i n g  t h e  a c t i v i t y  o f  c u l t u r e .  T h e  a c t i v i t y
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Table 5; Effect of growth media and buffering on the 

cell yield of the mala culture after 

concentration.

Buffering 

Wi th 

CaCO
3

Growth Medi urn

b
Ski m m i 1k

b
Whey Tryptone

c
Broth

d
-

Unbuffered 2. 99 2.52 1 . 14

e
Buffered 3.26 3.71 1.26

a ; Mean of f i ve rep1i cates.
b e ;  S i g n i f i c a n t  d i f f e r e n c e  ( p < 0 . 0 5 % )  i n  c e l l  y i e l d  b e t w e e n  

t h e  t h r e e  g r o w t h  m e d i a

d e ;  S i g n i f i c a n t  d i f f e r e n c e  ( p < 0 . 0 5 % )  i n  c e l l  y i e l d

b e t w e e n  B u f f e r i n g  a n d  u n b u f f e r i n g  i n  a l l  t h e  t h r e e  

m e d i a .
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Table 6 : E f f e c t  o f  grow th m edia, b u f fe r in g  and r e - in c u b a t io n  on

th e a c t i v i t y  o f th e  m ala c u l t u r e 01

Growth 

Medium b

B u f fe r in g

w ith

A c t iv i t y  a f t e r  

24 h ours

A c t iv i t y  a f t e r  

c e n t r i f u g a t io n

A c tv ity  a f t e r  

r e - in c u b a t io n

CaC03 °
pH %LA. pH %LA. pH %LA.

u n b u ffe re d 4 . 4 5  0 . 8 1 4 . 5 3 0 . 7 5 4 . 4 1 0.86
Skim m ilk

b u f fe r e d 4 . 4 5  0 . 8 2 4 . 5 6 0 . 7 7 4 . 2 0 0 . 8 1

u n b u ffe re d 4 . 3 8  0 . 7 9 4 . 5 8 0 . 7 5 4 . 3 0 0 . 8 9
Whey

b u f fe r e d 4 . 3 8  0 . 8 1 4 . 6 2 0 . 7 4 4 . 5 0 0 . 9 0

u n b u ffe re d 4 . 5 4  0 . 7 6 4 . 6 5 0 . 7 1 4 . 5 0 0 . 8 3
T rypton e
B ro th b u f fe r e d 4 . 5 7  0 . 7 9 4 . 6 3 0 . 7 2 4 . 5 5 0 . 8 1

a :  Mean o f  f i v e  r e p l i c a t e s .

%LA. = P e rc e n t l a c t i c  a c id .

b :  No s i g n i f i c a n t  d i f f e r e n c e  ( p < 0 . 0 5 % )  i n  a c t i v i t y  b e tw e e n  

t h e  t h r e e  m e d i a .

c :  No s i g n i f i c a n t  d i f f e r e n c e  ( p < 0 . 0 5 % )  i n  a c t i v i t y

b e tw e e n  t h e  b u f f e r i n g  a n d  u n b u f f e r i n g  i n  e a c h  m e d i u m .
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(as % lactic acid) of the culture at harvest was 
sinilar when the culture was grown in tryptone and 
whey but only slightly higher by about 3-7% in 
nilk. However, the activity of the culture grown in 
all the three nedia decreased by about 5-10% on 
centrifugation. But on re-incubation this decrease 
in activity was regained by the culture grown in 
nilk and increased to levels beyond those for cells 
at harvest in whey and tryptone. Buffering in all 
the three nedia had a very slight effect on the 
activity of the culture at harvest, after 
centrifugation or after re-incubation.

4.2.5. Applicability of Concentrated Mala 
Culture in Mala Production 
Before the concentrated nala culture could 

be evaluated for storage, it was necessary to test 
for its viability and lactic acid production 
ability as shown in Tables 4 and 6 respectively. 
Fron the TVC of the concentrated nala culture (5.0- 
9.0x10^ Cfu/nl), it was calculated that an 
inoculation rate of 0.01-0.02% would give the

g
required initial count of around 6.0x10 cfu/nl 
(Table 4). Although the activity of the
concentrated nala culture was lower than that of 
the conventional culture, such difference was quite 
low and of no significant since the acidity 
achieved was over 0.70%. Due to this, the culture
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could be used directly to nake products.
In addition to the above tests, the

concentrated nala culture was tested for its
ability to nake nala of good acceptability as 
conpared to that nade by the conventional culture. 
Two products were nade, one by the concentrated 
nala culture at 0.015% inoculation rate and other 
by the nornal conventional nala culture at 3%. The 
products were evaluated for their acceptability by 
triangle test involving twelve panelists. Only 
three panelists could correctly identify the ' odd 
sanple. The panelists ability to identify the 
sanples was, therefore, statistically insignificant 
(p<0.05). All the three panelists who could 
correctly identify the sanple, showed a preference 
for the product nade by the concentrated nala 
culture

4.3. VIABILITY QE CONCENTRATED HALA CULTURE 
UHQER FROZEN CONDITIONS

The concentrated nala culture was treated 
to various eryoprotective agents and frozen at -32 
and -20°C. Sanples were taken after freezing and 
thereafter at three weeks intervals and tested for 
TVC, % aronabacter, activity as well as viscosity 
and diacetyl fornation. The data obtained was used

\ ( r 1 { >-
to plot the graphs shown in figures . , 10, J.1,12 and
13. It was also used for statistical analysis. The
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T a b le  7 . The S t a t i s t i c a l  c o e f f i c i e n t s  (F - v a lu e s )  

f o r  grow th m edia and b u f fe r in g  on th e  s t o r a g e  o f  

fro z e n  c o n c e n tra te d  m ala c u l t u r e .

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
I

I
II
I

I
II
I

I
II
II
II
t

Growth m edia B u f fe r in g B u ffe re d

Milk v s  Whey B u ffe re d

Milk

v s  U n buffered  

Whey

Mi lk
v s

B u ffe re d
Whey

V ia b i l ty
* *

13 1 .6 0 0 . 0 5 1 1 .6 5 *  ** 0 .1 8

%  A rom abacter
*

7 . 4 5 1 .3 1 1.20 -

Acid p ro d u c in g
* *

4 7 . 6 2 0 . 8 2
*

7 . 2 2 2.01
a c t i v i t y

V is c o s i ty 3 . 3 6 4 . 5 5 6 .7 0 *
*

4 . 2 1

D ia c e ty l
fo rm atio n 2 . 9 7

*
6 . 0 5 4 .6 3 * 3 . 3 9

*  ; S i g n i f i c a n t  ( p < 0 . 0 5  ) .

* *  : H igh ly  s i g n i f i c a n t  ( p < 0 . 0 1 ) .
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Table 8. The Statistical coefficients (F-values) 
for cryoprotective agents used for storage of 
frozen concentrated mala culture.IIIIIIIIIIIIIIIIII11

Agents vs Control Grycerol vs (lact.a + Y.E.̂ ) Lact.a vs Y.E.1

milk buffered milk buffered milk buffered
control milk whey control milk whey control milk whey

Viability 35.90* 10.80* *9.23 *9.80 1.32 1.04 0.12 - ’ -

% Aroma- 
bacter 4.95* 6.98* 3.07* *3.21 0.77 3.10* 3.70* - 2.99
Acid producing 
activity 2.59 $8.75 4.60* -

# * 7.43 12.00 0.00 1.41

Viscosity 26.33* 2.50 7.67* 2.16 *5.35 - 0.08
Diacetyl
formation 3.50* 14.00* 3.33* 4.92* 6.10* 1.47 2.00 5.69 -

* ; Significant ( p < 0.05 ).
a: Lact. means lactose, 
b: Y.E. means yeast extract.
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statistical coefficients are shown in tables 7 and
8 .

4.3.1. Change in Viability of the Culture.
The change in the viability of the 

concentrated mala culture during freezing and under 
frozen storage is expressed in figure 1-0. It was 
observed that, there is a general decline in the 
viability of the culture during frozen storage, 
with a sharp decrease in the first three weeks. 
This sharp decrease was due to a major drop in the 
viability of the culture during the freezing 
process in the first one or two days of putting the 
culture in the deep freezer (see table 9). There 
was a decrease in viability of 20-25% in the 
control samples and 5-15% where cryoprotective 
agents were used. Cultures grown in milk were 
found to have a significantly higher survival than 
those grown in whey. Buffering the media during 
growth, improved the survival of the culture at 
32°C significantly when grown in whey but not in 
milk. It was apparent that the survival of the 
culture grown in unbuffered whey declined rather 
rapidly after the sixth week of storage. This was 
attributed to bacteriophage attack whose presence 
was detected after the three months storage. The 
survival was also higher when cryoprotective agents 
were used during frozen storage at -32°C. Glycerol
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Table  9;  The p e r c e n t a g e  change in v i a b i l i t y  and s p e c i e s  b a l a n c e  

o f  the  c o n c e nt r a t e d  mala  c u l t u r e  d u r i n g  f reez ing .^

Exper iment unbu f f e r e d b u f f e r e d unb u f f e r e d b u f f e r e d

skimmi lk skimmi lk whey whey

V i a b i l i t y c o n t r o l  a v . a 2 4 . 4 18 . 8 2 0 . 9 11 . 9

wi th k 
a g e n t s  a v . 15 . 9 9 . 1 6.8 8.2

range 1 4 . 3 - 1 6 . 6 6 . 7 - 1 0 . 3 4 . 0 - 9 . 1 4 . 0 - 1 5 . 0

S p e c i e s
Ba l ance

c o n t r o l  a v . a 2 9 . 2 3 1 . 9 2 5 . 8 14 . 0 '

wi th k 
a g e n t s  a v . 2 9 . 4 1 1 . 3 15 . 3 19 . 3

range 2 5 . 0 - 3 6 . 1 1 0 . 3 - 1 4 . 5 4 . 6 - 2 5 . 8 1 4 . 4 - 2 4 . 8

a:  av .  = a ve r a g e  f o r  the  r e p l i c a t e s .

b: av .  = a v e r a g e  f o r  the  f o u r  c r y o p r o t e c t i v e  a g e n t s  u s e d .
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improved the survival of the culture during the 
three months of storage by 1 . 8  times, glycerine and 
yeast extract by 1 . 6  times, and lactose by 1 . 2  

times over the control. But the use of the 
supernatant as a cryoprotective agent decreased the 
survival by about 1 0% over that of the control. 
When the culture was stored at -20°C, the survival 
rate over the three months decreased by 1 0% over 
storage for the same period at -32°C.

4.3.2. Change in the Percent Aromabacter .of 

the Culture During frozen Storage..
The change in the aromabacter count as a 

percentage of the total viable count of the 
concentrated mala culture during frozen storage is 
shown in figure ||.. There was slight decline in the 
percentage aromabacteria during frozen storage. As 
was the case with the TVC the aromabacteria 
declined rather sharply during the first three 
weeks. This could be attributed to increased death 
rate of the cells during first one or two days of 
the freezing process (table 9). The rate of 
declining of the aromabacteria was higher than that 
the TVC suggesting accerelated death kinetics 
brought about by freezing. Such death rate was 
higher in aromabacteria than in acidulating 
bacteria. Statistical analysis of the results 
showed that the use of milk or whey as the growth
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m e d i a  a n d  b u f f e r i n g  o f  t h e  s a m e  h a d  no  e f f e c t  on 

t h e  s u r v i v a l  o f  t h e  a r o m a b a c t e r i a ,  d u r i n g  f r o z e n  

s t o r a g e  a t  - 3 2 ° C .  B u t  t h e  u s e  o f  c r y b p r o t e c t i v e  

a g e n t s  d u r i n g  t h e  f r e e z i n g  a n d  f r o z e n  s t o r a g e  

e n s u e d  i n  h i g h e r  s u r v i v a l  o f  t h e  a r o m a b a c t e r .  T h e  

s u r v i v a l  o f  t h e  a r o m a b a c t e r  w a s  i m p r o v e d  b y  2 5 - 3 5 %  

b y  l a c t o s e ,  y e a s t  e x t r a c t ,  g l y c e r i n e  a n d  g l y c e r o l  

i n  t h a t  o r d e r  o v e r  t h e  c o n t r o l .  T h e  s u r v i v a l ,  

h o w e v e r ,  d e t e r i o r a t e d  b y  o v e r  20% when t h e  

s u p e r n a t a n t  s o l u t i o n  w a s  u s e d  a s  a  c r y o p r o t e c t i v e  

a g e n t  f o r  t h r e e  m o n t h s .  S t o r a g e  o f  t h e  c u l t u r e  a t  -  

2 0 ° C  d e c r e a s e d  t h e  p e r c e n t a g e  a r o m a b a c t e r  b y  o n l y  

4% o v e r  t h o s e  s t o r e d  a t  - 3 2 ° C .

4.3.3. Change in the Activity ..of. .Culture During 
Frozen S.t.Qx..ag.e.̂.

T h e  a c t i v i t y  o f  t h e  c u l t u r e  w a s  e x p r e s s e d

on t h e  b a s i s  o f  d e v e l o p e d  l a c t i c  a c i d  i n  11% RSM
7

i n o c u l a t e d  w i t h  c e l l s  t o  a p p r o x i m a t e l y  10 c f u / m l  

a n d  i n c u b a t e d  a t  2 4 ° C  f o r  18 h r s .  T h e  r e s u l t s  o f  

c h a n g e  i n  t h e  a c t i v i t y  o f  t h e  c o n c e n t r a t e d  m a l a  

c u l t u r e  d u r i n g  f r o z e n  s t o r a g e  i s  e x p r e s s e d  i n  

f i g u r e  1 1 .  I t  w a s  o b s e r v e d  t h a t  t h e r e  w a s  a  d e c l i n e  

i n  t h e  a c t i v i t y  o f  t h e  c u l t u r e  d u r i n g  t h e  s t o r a g e  

p e r i o d .  B u t  t h e r e  w a s  a  v e r y  s l i g h t  c h a n g e  i n  t h e  

a c t i v i t y  d u r i n g  t h e  f r e e z i n g  p r o c e s s  a s  s ho wn by  

t h e  d e c r e a s e  i n  t h e  f i r s t  t h r e e  w e e k s .  S t a t i s t i c a l  

a n a l y s i s  o f  t h e  r e s u l t s  s h o w e d  t h a t  t h e  a c t i v i t y  o f
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the culture is significantly maintained higher, if 
the culture is grown in milk than in whey. 
Buffering the growth media only significantly 
improves on the activity of the culture grown in 
whey but not in milk. But there was no significant 
difference between the activity of culture grown in 
milk and of that grown in buffered whey. The use of 
cryoprotective agents had a significant advantage 
in maintaining the activity of the culture grown in 
both media during frozen storage. Both lactose artd 
yeast extract improved the maintenance of activity 
by about 1 0% while glycerine and glycerol improved 
by 20% of the control. But the supernatant solution 
reduced the maintenance of the activity by about 
2 0% over the control for the three months storage. 
On the other hand the storage of the culture of 
20°C was deletious to the activity of culture, 
reducing it by 4% over storage at -32°C.

4.3.4. Change in Viscosity of Pr-Qdum t . Earned by
Culture During Frozen Storage.
Another method of evaluating the 

concentrated mala culture was by determining the 
viscosity of product made by the culture. The 
change in the viscosity of the product formed by 
the culture after storage at different conditions 
is expressed in figure 13. The figure, shows that 
there was a slight decrease in the viscosity of the
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product during the three months storage of the 
culture. Milk and whey as growth media, did not 
affect the viscosity of the product. But the change 
in the viscosity of the product by culture grown in 
buffered media was insignificant compared to that 
of culture from unbuffered media. However, it was 
apparent that the viscosity of product made by the 
culture grown in unbuffered whey decreased rather 
rapidly. Using cryoprotective agents for storage of 
the culture improved the ability of the culture to 
form products of good viscosity. The four 
cryoprotective agents namely lactose, yeast 
extract, glycerine and glycerol improved the 
culture's ability to viscosity formation by 1 1 to 
22% in comparison with the control. Indeed, the 
cultures stored using these cryoprotective agents 
even after three months of storage gave a product 
with viscosity nearly the same as that of the 
conventional cultures (68-104 cp). The use of 
supernatant solution as a cyroprotective agent had 
almost the same storage ability to the control 
reducing it by about 3% only. Storage of the 
culture at -20°C, decreased the storage stability 
of the culture with respect to viscosity formation 
by about 7% as compared to the culture stored at - 
32°C.

4.3.5. Change in Diacetyl. Eornatioa by Culture
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D u r i n g  F r o z e n  S t o r a g e .

T h e  a b i l i t y  t o  p r o d u c e  d i a c e t y l  b y  c u l t u r e  

s t o r e d  u n d e r  d i f f e r e n t  c o n d i t i o n s  w a s  e v a l u a t e d .  

T h e  r e s u l t s  o f  c h a n g e s  i n  d i a c e t y l  p r o d u c e d  b y  t h e  

s t o r e d  c u l t u r e  i n  s h o wn  i n  f i g u r e  1 4 .  T h e r e  w a s  a  

g e n e r a l  d e c l i n e  i n  t h e  d i a c e t y l  f o r m e d  b y  t h e  

c u l t u r e  s t o r e d  u n d e r  d i f f e r e n t  c o n d i t i o n s .  A h i g h e r  

r a t e  o f  d e c r e a s e  w a s  o b s e r v e d  i n  t h e  f i r s t  t h r e e  

w e e k s  o f  s t o r a g e .  T h i s  p e r i o d  c o i n c i d e d  w i t h  t h e  

s h a r p  d e c r e a s e  i n  v i a b i l i t y  a n d  p e r c e n t  

a r o m a b a c t e r i a  o f  t h e  c u l t u r e  a s  s h o wn  i n  f i g u r e s  10 

a n d  11 r e s p e c t i v e l y .  S t a t i s t i c a l  a n a l y s i s  o f  t h e  

r e s u l t s  s h o w e d  t h a t  t h e  a b i l i t y  o f  t h e  c u l t u r e  t o  

p r o d u c e  d i a c e t y l  w a s  e q u a l l y  c o n s e r v e d  d u r i n g  

s t o r a g e  i r r e s p e c t i v e  o f  w h e t h e r  i t  w a s  g r o w n  i n  

m i l k  o r  w h e y .  I n  t h e  b u f f e r e d  m e d i a ,  t h e  d e c l i n e  i n  

d i a c e t y l  p r o d u c t i o n  t e n d e d  t o  s t a b i l i s e  a f t e r  t h r e e  

t o  s i x  w e e k s ,  w h i l e  i n  u n b u f f e r e d  m e d i a ,  d i a c e t y l  

p r o d u c t i o n  d e c l i n e d  t h r o u g h o u t  t h e  t h r e e  m o n t h s  

s t o r a g e .  T h e  u s e  o f  c r y o p r o t e c t i v e  a g e n t s  d u r i n g  

f r o z e n  s t o r a g e  a t  3 2 ° C ,  s i g n i f i c a n t l y  e n h a n c e d  t h e  

a b i l i t y  o f  t h e  c u l t u r e  t o  f o r m  d i a c e t y l  i n  g e n e r a l .  

G l y c e r o l ,  g l y c e r i n e  a n d  y e a s t  e x t r a c t  w e r e  f o u n d  

m o r e  e f f e c t i v e  t h a n  l a c t o s e  i n  c o n s e r v i n g  t h e  

a b i l i t y  o f  c u l t u r e  t o  p r o d u c e  d i a c e t y l .  H o w e v e r  

l a c t o s e  w a s  m o r e  e f f e c t i v e  t h a n  t h e  c o n t r o l  w h i l e  

t h e  s u p e r n a t a n t  s o l u t i o n  w a s  l e s s  e f f e c t i v e  a s  

c o m p a r e d  t o  t h e  c o n t r o l .  D u r i n g  t h e  t h r e e  m o n t h s
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s t o r a g e ,  t h e  d i a c e t y l  f o r m a t i o n  d r o p p e d  b y  a b o u t  

3 0 - 3 5 %  when g l y c e r i n e ,  g l y c e r o l  a n d  y e a s t  e x t r a c t  

w e r e  u s e d ,  40% f o r  l a c t o s e ,  50% f o r  c o n t r o l  a nd  

o v e r  80% f o r  t h e  s u p e r n a t a n t  s o l u t i o n .  T h e r e  w a s  a  

s i g n i f i c a n t  l o s s  i n  t h e  a b i l i t y  t o  p r o d u c e  d i a c e t y l  

when t h e  c u l t u r e  w a s  s t o r e d  a t  - 2 0 ° C  a s  c o m p a r e d  

t o  when s t o r e d  a t  - 3 2 ° C .

4 . 4 .  EFFECT OF FREEZE- DRYI NG ON THE CONCENTRATED. 

MALA CULTURE.
T h e  c h a n g e s  i n  t h e  s u r v i v a l  a n d  m e t a b o l i c  

a c t i v i t y  o f  t h e  c u l t u r e  d u e  t o  f r e e z e - d r y i n g  a r e  

e x p r e s s e d  i n  T a b l e  1 0 .  I t  c a n  b e  o b s e r v e d  t h a t  t h e  

s u r v i v a l  r a t e  o f  t h e  c u l t u r e  a f t e r  f r e e z e - d r y i n g  i s  

v e r y  l o w .  O n l y  a b o u t  3 0  a n d  40% o f  t h e  c u l t u r e  

g r o w n  i n  u n b u f f e r e d  a n d  b u f f e r e d  m i l k  r e s p e c t i v e l y  

s u r v i v e d  a f t e r  f r e e z e - d r y i n g .  T h i s  i s  v e r y  l ow 

c o m p a r e d  t o  t h e  s u r v i v a l  r a t e  o f  7 5 - 9 0 %  o f  t h e  

c u l t u r e  d u r i n g  f r e e z i n g  ( T a b l e  9 ) .  T he  

a r o m a b a c t e r i a  d e c r e a s e d  f r o m  1 1 . 1 %  t o  4 . 6 %  i n  

c u l t u r e  g r o w n  i n  u n b u f f e r e d  m e d i a  a n d  f r o m  1 3 . 7  t o  

6 . 2 %  i n  b u f f e r e d  m e d i a .  T h i s  r e p r e s e n t s  a b o u t  60% 

r e d u c t i o n  w h i c h  i s  g r e a t e r  t h a n  t h a t  o f  8 - 1 2 % 

o b s e r v e d  on f r e e z i n g  t h e  c u l t u r e  ( T a b l e  9 ) .  T he  

a b i l i t y  t o  p r o d u c e  l a c t i c  a c i d  b y  t h e  c u l t u r e  w a s  

d e c r e a s e d  by  31  a n d  42% when t h e  c u l t u r e  w a s  g r o w n  

i n  u n b u f f e r e d  a n d  b u f f e r e d  m i l k  r e s p e c t i v e l y .  T h e  

v i s c o s i t y  o f  t h e  p r o d u c t  a l s o  d r o p p e d  b y  2 5  a n d  18
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>t)ie  10 T h e  e f f e c t of f r e e z e —d r y i n g on t h e s u r v i v a l and

m e t a b o l i  c a c t i v i t y o f  c o n c e n t r a t e d mala c u l t u r e .

Non b u f f e r e d  media B u f f e r e d meddi a

F r o z e n F r e e z e — F r o z  en F r e e z  e — 7.

d r  i ed c h a n g e d r  i ed ch a n g e

light <g) . 280 6 1 . 4 78 .  1 280 6 0 .  1 7 8 . 5

C ( ) ( c f u / m l  10 92 10 120

urvi v a l  . 3 2 . 6 3 9 .  8

Aromabacter. 11 .1 4 . 6 5 8 . 6 1 3 . 7 6 . 2 5 4 . 7

of p r o d u c t . 4 . 5 5 5.  1 12. 8 4 . 4 5 4 . 9 5 11

LA d e v e l o p e d . 0 .  81 • 0 . 5 7 2 9 . 6 0 . 8 4 0 .  64 2 3 . 8

'scoBity (cF^) . 7 0 . 5 54 2 3 . 4 70 58 17. 1

"Cetyl ( u g / m l )

is---

1 . 3 5 0 .  55 5 9 . 3 1. 15 0 . 7 29
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cp when prepared by culture grown in unbuffered and 
buffered media respectively. The diacetyl formation 
by culture grown in unbuffered milk decreased frdm
I. 35 to 0.55 ug/ml while by culture grown in 
buffered milk decreased from 1.55 to 0.70 ug/ml. 
These changes were more drastic than those in 
lactic acid producing ability, viscosity and 
diacetyl formation after freezing of the 
concentrated mala culture.

4.5. SEMSQRY EVALUATION
4.5.1. Triangle Test

The functionality of the concentrated mala 
culture in mala production after various storage 
periods was evaluated by sensory evaluation of the 
product, mala, made by the same, as compared to 
mala made by using normal conventional culture. The 
acceptability of the two such product was compared 
by triangle test. The results are shown in Table
II. It is observed that only about a third of the 
panelists could correctly identify the samples. 
This was compared to that shown in the chart of 
appendix I. This number was statistically 
insignificant to establish a difference in any of 
the two samples. Over 50% of the panelists who 
could identify the samples, preferred the product 
made by the concentrated mala culture.



95

Je 1 1 ; C o m p a r i s o n  o f  p r o d u c t s  made w i t h  c o n c e n t r a t e d

m a l a  c u l t u r e  and c o n v e n t i o n a l  m a l a  c u l t u r e  b y  

t r i a n g l e  t e s t .

S t o r a g e  t i m e  ( w e e k s )

0 3 6 9 12

nber o f  

iel i s t  s
11 12 10 15 12

nber o f

r rec t  i d e n t i f i c a t i o n
,, a £

mber o f  c o r r e c t

ent i  f  i  c a t  i on p r e f  e r r  i  ng

(ference s a m p l e  0 1

iiiber o f  c o r r e c t

lent i f  i  c a t  i on p r  e f  e r  r  i  n g

fst s a m p l e  3 2 2 ^

No s i g n i f i c a n c e  a t  p̂ C 0 . 0 5 .  b e t w e e n  t h e  t w o  s i m i l a r  s a m p l e s  a n d  t h e  

odd s a m p l e .
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4.5.2. Preference Teat

Panelists ranging from 10-15 were provided 
with four coded mala products. One product was made 
by the conventional culture while the other four 
were made by the concentrated mala culture. The 
panelists were required to taste the samples and 
rank them according to their preference. The 
panelists ranks were converted into scores 
according to the chart shown in appendix II. The 
total scores for each product is shown in Table 12. 
The total scores were checked for significance. It 
was found that there was no significance
difference in the total scores of the four products 
during the first six weeks of storage for the
concentrated mala culture. But at the ninth week of 
frozen storage, the product made by culture grown 
in unbuffered whey (4) was significantly inferior 
to the others. Otherwise all the others had no 
significant difference in scores. -At the 1 2*^ week 
of storage the above product was not tested. 
Instead a product made by the freeze-dried
concentrated mala culture was tested with the
others. It was found that there was no significant
difference in the total scores of all the four
products including that made by the freeze-dried
concentrated mala culture.
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Table 12; Comparison of products made with concentrated 

mala culture and conventional mala culture by 

preference test.

Storage Number Total scores for product samples ; 

ti me of ----------------------------------------------

*(weeks) Panelists 1 4

0 11 0 . 6 - 1 . 2 0.  73 O t O'

•j* 12 1 . 03 0 . 4 3 1 . 76 0 . 3

6 10 1 . 33 0 . 7 3 ■1.46 0.  6

9 15 2 . 0 3 1 . 7 3 2 . 9 2 - 6 .  6ST

12 12 2 . 6 3 0 . 6 2 . 06 -

Product si g n i f i cant1>/ d i f f er en t f r orn t h e others <]

Product not tested
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5. DISCUSSION

5 . 1 .  G r o w t h  C h a r a c t e r i s a t i o n  o f  t h e  M a l a

Culture.
T he l a g p h a s e  f o r  t h e m a l a  c u l t u r e  w a s  4

h o u r s when g r o w n i n  m i l k  a n d  t r y p t o n e  a n d  6 h o u r s

when g r o w n i n w h e y .  T h e  s t a t i o n e r y  p e r i o d w a s

b e t w e e n  t h e 1 4 t h a n d  20^  h o u r s . , ,  e t h  m  m i l k ,  16 a nd

20 t h i n  whey a n d . . t h  . . Qt h  14 a n d  18 i n  t r y p t o n e . T h u s

t h e d u r a t i o n  o f t h e  s t a t i o n e r y p h a s e  w a s  a b o u t 50%

l o n g e r  i n  m i l k  t h a n  i n  t h e  o t h e r  two m e d i a .  The  

s p e c i f i c  g r o w t h  r a t e  w a s  h i g h e s t  i n  m i l k  a t  0 . 7 7

c f u / m l  p e r  h r .  a n d  a b o u t  30% h i g h e r  t h a n  i n  t h e

o t h e r  two  m e d i a .  On t h e  o t h e r  h a n d  t h e  maximum

c o u n t  w a s  n e a r l y  t h e  s a m e  f o r  t h r e e  m e d i a  a t  8 x
0

10 c f u / m l .  T h i s ,  h o w e v e r  d e c r e a s e d  b y  a b o u t  50% in- 

m i l k  a n d  60% i n  t r y p t o n e  a n d  whey  b y  t h e  2 4 t h  h o u r .  

T h e s e  f i n d i n g s  s ho w t h a t  t h e  m a l a  c u l t u r e  g r o w s  a t  

a  f a s t e r  r a t e  i n  m i l k  b u t  t h e  l e v e l  o f  c e l l s  

a c h i e v e d  i s  t h e  s a m e .  H o w e v e r ,  t h e  h i g h e r  l e v e l  o f  

c e l l s  c a n  b e  m a i n t a i n e d  f o r  a  l o n g e r  t i m e  i n  m i l k .  

T h e s e  o b s e r v a t i o n s  a r e  i n  c o n t r a s t  t o  t h a t  o f  

o t h e r  r e s e a r c h e r s .  T h e  l a g  p h a s e  o f  Streptococcous 

lactis  g r o w n  i n  t r y p t o n e  w a s  r e p o r t e d  a s  2 h o u r s  b y  

P o r t  a n d  H o l l o w a y ,  1 9 6 8 .  T h e  maximum c o u n t  o f  9 . 5  x
Q

10 p e r  ml  w a s  a c h i e v e d  a t  t h e  1 2 t h  h o u r .  T h i s
9

h o w e v e r  d e c r e a s e d  b y  a b o u t  68% t o  3 x 1 0  p e r  ml  

a t  t h e  1 8 t h  t o  2 4 t h  h o u r .  T h i s  d i f f e r e n c e s  f r o m  t h e  

m a l a  c u l t u r e ,  c a n  b e  e x p e c t e d ,  s i n c e  S. Lactis  a s  a
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pure culture grows faster than the other species in 
the mala culture (7). The specific growth rate of 
mala culture was higher than that of 0 . 6 8 cfu/ml/hr 
reported by Blaine et. al, 1970, for a lactic 
streptococci culture grown in milk.

Buffering the media did not affect the lag 
phase of the mala culture, although the duration of 
the stationery phase was prolonged by 25% in milk 
and 50% in tryptone and whey. The specific growth 
rate was increased by 7 - 9% in milk and whey, and 
by 2% in tryptone. The maximum count was increased 
by 30, 20 and 70% in milk, whey and tryptone. These 
findings show that the CaC03 buffer improved the 
growth media better in whey and tryptone than in 
milk. These observations were comparable to those 
of other cultures elsewhere (4,26,72,74). Port and 
Holloway, 1968, reported that there was no decline 
in the maximum count of S. lactis for upto 36-48 
hours when the pH was controlled at. 6.3 (74). This 
represented an increase in the duration of 
stationery phase by about 200-250%. Blaine et. al. 
1970, reported that the specific growth rate of 
a lactic streptococci culture grown in milk 
increased from 0.68 to 0.72, 0.74 and 0.94 cfu/ml
per hour when pH was controlled at 6.3 by NaOH, K0H 
and Ca(0H)2 » and Na2C03 and NH4OH respectively. 
This represented increases of about 6 , 9 and 40%
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respectively. The maximum population of this 
culture was increased by 48-58% when NaOH, KOH and 
Ca(0H>2 was used as the neutralizer and 74% when 
NH4OH and Na2C03 were used. The maximum cell counts 
for Streptococcus crenoris was increased by 9-14 
times when the pH was maintained at 5.5, 6.0 and 
6.5 compared to where pH was not controlled (70). 
Control of pH at 6.5 by neutrilisation using NaOH 
increased the maximum cell counts for lactic 
streptococci 15 fold in tryptone broth (26).

In the buffered media, the lag phase of 
mala culture was longer in whey by about 50% times 
over the other two media. The stationery phase was 
same in tryptone and whey, but about 2 0% higher in 
milk (table 1). The maximum count in whey was 
higher by 1.3 and 1.6 times than in milk and 
tryptone respectively (table 4). These findings 
show that in buffered media, the mala culture grows 
fast in milk but a higher population was achieved 
in whey. Therefore, the best media would be 
buffered whey. These observations are comparable to 
those of other workers (72, 74). The maximum cell 
population of S. Lactis was two times higher in 
milk than in whey when the pH of both media was 
maintained at a constant of 6.3. Petterson, 1975, 
has also reported that the growth rate and maximum 
cell yield of a culture containing S. Lactis, S. 
Crenoris, S. diacetilatics and Leuconostoc
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b a c t e r i a ,  s i m i l a r  t o  m a l a  c u l t u r e  w e r e  b e t t e r  by  

a b o u t  t h r e e  t i m e s ,  when g r o w n  i n  whe y  a n d  t r y p t o n e  

a s  c o m p a r e d  t o  m i l k  when t h e  pH w a s  m a i n t a i n e d  a t  

t h r e e  l e v e l s  o f  5 . 5 ,  6 . 0  a n d  6 . 5 .

T h e  a c t i v i t y  o f  t h e  m a l a  c u l t u r e  when g r o w n  

i n  m i l k  w a s  8 a n d  16% h i g h e r  t h a n  when g r o w n  i n  

whey  a n d  t r y p t o n e  r e s p e c t i v e l y .  B u f f e r i n g  t h e  m e d i a  

ha d  no  e f f e c t  on t h e  c u l t u r e  when g r o w n  i n  m i l k .  

T h e  a c t i v i t y  o f  t h e  c u l t u r e ,  h o w e v e r  w a s  s l i g h t l y  

i n c r e a s e d  when g r o w n  i n  b u f f e r e d  whey  a n d  t r y p t o n e  

m e d i a .  T h e s e  f i n d i n g s  a r e  i n  a g r e e m e n t  w i t h  o t h e r s  

t h a t  t h e  a c t i v i t y  o f  a  c u l t u r e  i s  h i g h e r  when 

c u l t i v a t e d  i n  m i l k  t h a n  i n  o t h e r  m e d i a  ( 2 5 , 3 0 ) .  

L l o y d  a n d  P o n t  , 1 9 7 3 b ,  r e p o r t e d  t h a t  t h e  a c t i v i t y

o f  a c u l t u r e  o f S. cremoris a n d 5 .  1 act is i n

t r y p s i n -  d i g e s t e d s k i m m i l k w i t h c o n t i n u o u s pH

c o n t r o l a t  6 . 3 by NaOH w a s s  i m i l a r t o  t h a t o f

c o n t r o l  w h e r e  t h e  pH w a s  n o t  c o n t r o l l e d .  B u t  t h e r e  

w a s  a  d e c r e a s e  i n  a c t i v i t y  o f  s e v e r a l  c u l t u r e s  when 

NH4OH w a s  u s e d  t o  c o n t r o l  pH u n l i k e  when NaOH w a s  

u s e d  ( 2 6 ,  2 7 ,  7 0 ) .

T h e  a b o v e  a r g u m e n t s  s ho w  t h a t ,  b u f f e r i n g  

t h e  m e d i a  w i t h  C a C 03 i m p r o v e d  t h e  g r o w t h  o f  t h e  

m a l a  c u l t u r e .  S u c h  i m p r o v e m e n t  w a s  h i g h e r  i n  whey  

a n d  t r y p t o n e  t h a n  i n  m i l k .  H o w e v e r ,  t h i s  

i m p r o v e m e n t  f e l l  s h o r t  o f  w h a t  w o u l d  b e  e x p e c t e d  

f r o m  m a i n t a i n i n g  pH a t  a  c o n s t a n t  v a l u e  o f  5 . 0 - 6 . 5
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by using neutralizers. But the buffering of whey 
medium with CaC03 to maintan the pH above 5.3 at 
end of growth was found as effective as control of 
pH at a constant by NaOH, KOH, or Ca(0H>2 -

5.2. Effect of Growth Hedia and Buffering 
on Cell Yield and Activity of the 
Mala-Culture

The pH for the three media; milk, whey and 
tryptone at harvest time was the same. But the 
acidity was 1.2 and 1.5 times higher in milk than 
in tryptone and whey respectively. However, on 
buffering the media, the pH at harvest time was 
increased by 16% in milk, 22% in whey and 17% in 
tryptone. A corresponding decrease in acidity of 
16%.. 22 and 2 2% respectively was observed (table
2). But the TVC at harvest increased by 20, 30 and 
70% respectively (table 4). The effectiveness of 
buffering by CaC03 was found to be 16, 2 1 and
15% over milk, whey and tryptone respectively 
(table 3). These findings show that the CaC03 

buffer improved on the growth of the mala culture 
in the increasing order of whey, tryptone and milk. 
It is well established that the control of pH at 
constant level of 5.0-6.5 results in high counts 
(TVC) of cultures (4,26,27,70,72). The improvement 
on the TVC on using a CaC03 buffer was thought to 
be due to slowing the change of pH during growth
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and maintaining the pH above the critical level of 
5.0 (105). Cultures are also known to benefit from 
release of carbon dioxide, which meets a partial or 
absolute need of the culture bacteria (14,25,58). 
The use of CaC03 can lead to a release of carbon 
dioxide from its reaction with lactic acid formed 
during growth.

It was found that the TVC at harvest was 
40% higher in buffered tryptone and whey while 25% 
lower in milk than when unbuffered. On the other 
hand the cell yield increased by 9, 11 and 47% in 
milk, tryptone and whey respectively. These 
findings suggest that the recovery of the cells by 
centrifugation was more effective in whey than in 
the other two media. This, however, could be 
attributed to the difficulties and errors 
accompanying the centrifugation and TVC 
determination. Such errors included transferring, 
sampling and weighing of the recovered cells and at 
the same time avoid contamination. It is well known 
that the recovery of cells by centrifugation is 
much difficult in cultures grown in milk (4,25,72).

There was a good relationship between the 
pH at harvest and the cell yield of the culture 
after harvest in milk and whey. The cell yield was 
much higher when the pH at harvest was higher than 
5.0. This observation was in agreement with what 
Peebles et. al., 1969, has reported that there is
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l i t t l e  d i f f e r e n c e  i n  t h e  maximum c e l l  y i e l d  a n d  

t i m e  t o  r e a c h  t h i s  y i e l d  i f  t h e  pH i s  m a i n t a i n e d  

c o n s t a n t  a t  pH a b o v e  5 . 0 .  P e t t e r s o n ,  1 9 7 5 ,  a l s o  

r e p o r t e d  no  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  g r o w t h  

r a t e ,  maximum c e l l  y i e l d  a n d  t h e  a c i d  p r o d u c t i o n  

a b i l i t y  b y  c u l t u r e s  g r o w n  i n  m e d i a  w h o s e  pH w a s  

m a i n t a i n e d  a t  5 . 5 ,  6 . 0  a n d  6 . 5 .

T h e  a c t i v i t y  o f  t h e  c u l t u r e  d e c r e a s e d  s l i g h t l y  

d u r i n g  c e n t r i f u g a t i o n .  T h i s  d e c r e a s e  i n  a c t i v i t y  w a s  

h o w e v e r  r e g a i n e d  on f i r s t  s u b c u l t u r e  o f  t h e  c o n c e n t r a t e d  

m a l a  c u l t u r e .  T h e s e  f i n d i n g s  s ho w t h a t  t h e r e  i s  o n l y  

l i t t l e  d i f f e r e n c e  i n  t h e  a c t i v i t y  o f  t h e  c u l t u r e .  H e n c e ,  

t h i s  c u l t u r e  c a n  b e  u s e d  d i r e c t l y  i n t o  t h e  p r o d u c t  v a t .  

T h e  a c t i v i t y  o f  S. cremoris  g r o w n  i n  t r y p t o n e  w a s  f o u n d  

t o  d e c r e a s e  when t h e  pH w a s  c o n t r o l l e d  a t  a  c o n s t a n t  a s  

c o m p a r e d  t o  when pH i s  n o t  c o n t r o l l e d  ( 7 0 ) .  G i l l i l a n d ,  

1 9 7 7 ,  h a s  e x p l a i n e d  t h a t  t h e  a b i l i t y  t o  p r o d u c e  l a c t i c  

a c i d  b y  c u l t u r e  c a n  b e  l o w e r e d  t h r o u g h  c o n c e n t r a t i o n ,  

d u e  t o  a l t e r a t i o n  i n  c e l l u l a r  m e t a b o l i c  a c t i v i t y ,  c e l l  

i n j u r y  a n d  s t r a i n  i m b a l a n c e  e s p e c i a l l y  i f  t h e  g r o w t h  

me d i um i s  n o t  m i l k .  T h e  l o w e r e d  a c t i v i t y  i s  u s u a l l y  

r e g a i n e d  i n  t h e  f i r s t  s u b c u l t u r e  when t h e  i n j u r e d  

b a c t e r i a  a r e  r e p a i r e d  ( 2 6 , 7 0 ) .

5 . 3 .  M e d i a  a n d  B u f f e r  E f f e c t  on S t o r a & e .  o £



105

Frozen Concentr-ated-Hala Culture 

Storage...
It is not well established if the growth 

media affect the stability of the concentrated 
culture during frozen storage (25). But it has been 
reported that the survival of S. crenoris during 
frozen storage was better when grown in milk than 
in tryptone (26). This stability under frozen 
conditions was attributed to the content of oleic 
fatty acid in the bacterial cells picked from the 
growth medium. It is also possible that some 
constituents of the media recovered together with 
the cells such as protein molecules can act as 
cryoprotective agents. Results in this study have 
shown that growing the mala culture in milk, 
improved significantly its stability in viability 
and metabolic activity during storage at -32°C. But 
the stability and metabolic activity of mala 
culture grown in buffered whey was same to that 
grown in milk. From these findings it was therefore 
deduced that there was no difference in the 
stability of mala culture during frozen storage, 
when it is grown in whey and milk. The above 
discrepancy, being due to the unexpected apparent 
instability of the culture when grown in the 
unbuffered whey after the sixth week of storage.

Mala culture grown in buffered milk and 
whey media, concentrated and frozen at -32°C were
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more stable in terms of acid production but not in 
viability during storage. The species balance was 
also affected by storage as expected due to 
instability in viability. It has been shown that 
the growth of lactic cultures in media whose pH are 
maintained constant around 6 . 0 using neutralizers, 
tend to improve on their storage with respect to 
viability and activity as compared to culture grown 
without pH control (18,25,30,72). The use of NH4OH 
as the neutralizer has been reported to give better 
storage stability in viability and activity 
compared to other neutralizers (18). Oberman et. 
al. 1986, have however, reported that the ability 
of multiple leuconostoc species culture to produce 
acid and diacetyl was not affected by storage at - 
30°C for three months.

5.4. Effect of -Cryoprotective Agents, an

storage, of frozen concentrated mala
culture.

The use of lactose, yeast extract and 
glycerol as cryoprotective agents during frozen 
storage of cultures is well known. Concentrated 
mala culture stored at -32°C and containing the 
above cryoprotective agents in addition to 
glycerine, was found to have improved viability, 
species balance and the metabolic activity. During 
the freezing process in the first one day the
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v i a b i l i t y  d r o p p e d  b y  5 - 1 5 %  when t h e  a b o v e  a g e n t s  w e r e  

u s e d  a s  c o m p a r e d  t o  2 0 - 2 5 %  when f r o z e n  w i t h o u t  

c r y o p r o t e c t i v e  a g e n t s  g i v i n g  s u r v i v a l  r a t e s  of  85- 95% 

a n d  7 5 - 8 0 %  r e s p e c t i v e l y .  T h i s  s u r v i v a l  r a t e ,  was  

h o w e v e r ,  l o w e r  t h a n  t h a t  r e p o r t e d  b y  B a n n i k o v a  and 

L a g o d a ,  1 9 7 5 ,  o f  9 1 - 9 8 %  f o r  a  m i x e d  c u l t u r e  s u s p e n d e d  i n  

a  p r o t e c t i v e  s o l u t i o n  c o m p o s e d  o f  g l y c e r i n e ,  s u c r o s e  and 

s o d i u m  c i t r a t e .  D u r i n g  t h e  s t o r a g e  o f  t h e  c o n c e n t r a t e d  

m a l a  c u l t u r e ,  o v e r  50% o f  t h e  o r i g i n a l  v i a b i l i t y  

r e m a i n e d  i n  t h e  t h r e e  m o n t h s  s t o r a g e  p e r i o d  when t h e  

c r y o p r o t e c t i v e  a g e n t s  w e r e  u s e d  b u t  much l e s s  when no 

a g e n t  w a s  u s e d .  G l y c e r o l  w a s  f o u n d  t o  b e  t h e  b e s t  

p r o t e c t i v e  a g e n t  i n  m a i n t a i n i n g  t h e  v i a b i l i t y ,  s p e c i e s  

b a l a n c e  a n d  m e t a b o l i c  a c t i v i t y  o f  c u l t u r e .  T h i s  a p p e a r s  

t o  b e  i n  a g r e e m e n t  w i t h  E f s t h a n t h i o u  et. al. 1 9 7 5 ,  a s  

r e p o r t e d  f o r  m u l t i p l e  s t a r t e r  c o n c e n t r a t e s  s t o r e d  

f r o z e n .  U s i n g  y e a s t  e x t r a c t  a s  a  c r y o p r o t e c t i v e  a g e n t ,  

t h e  l a c t i c  a c i d  b a c t e r i a  a n d  a r o m a  b a c t e r i a  we r e  

a f f e c t e d  i n  a  s i m i l a r  w a y .  L a c t o s e  on t h e  o t h e r  h a n d ,  

w a s  e q u a l l y  g o o d  i n  s u s t a i n i n g  t h e  l a c t i c  a c i d  p r o d u c i n g  

a b i l i t y  o f  m a l a  c u l t u r e ,  b u t  v e r y  p o o r  w i t h  r e s p e c t  t o  

m a i n t a i n i n g  t h e  a r o m a b a c t e r i a . T h i s  w a s  c o n t r a r y  t o  wha t  

h a s  b e e n  r e p o r t e d  r e g a r d i n g  l a c t o s e  a s  a  g o o d  

c r y o p r o t e c t i v e  a g e n t .  I t  i s  s a i d  t o  o f f e r  b e t t e r  

p r o t e c t i o n  t o  t h e  a r o m a b a c t e r  t h a n  t o  a c i d u l a t i n g  

b a c t e r i a  ( 1 8 , 7 6 ) .  T h e  u s e  o f  t h e  s u p e r n a t a n t  f r o m  t h e  

c o n c e n t r a t e d  c u l t u r e  a s  a  c r y o p r o t e c t i v e  a g e n t  w a s  f o u n d  

t o  h a v e  an  a d v e r s e  e f f e c t  o f  t h e  v i a b i l i t y ,  s p e c i e s
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balance and metabolic activity of the concentrated mala 
culture. This observation was in contrast to that by 
Lloyd and Pont, 1973, who reported survival rate of 8QX 
of S. lactis when stored at -10°C protected by the 
culture supernatant.

5.5. Effect of Storage Temperature on 
Concentrated Hala Culture 

Mala culture grown in unbuffered whey and 
frozen using glycerol as the cyroprotective agent 
was maintained at two temperatures of - 2 0 and - 
32°C. They were tested for viability. X 
aromabacteria and ability to produce lactic acid, 
form viscosity and diacetyl. It was found that the 
mala culture stored at -32°C, sustained the 
viability, X aromabacter and diacetyl formation 
better than that stored at -20°C. But there was no 
difference in the lactic acid production by the 
cultures and viscosity in mala produced by these 
cultures when stored under the two different 
temperatures. These findings showed that frozen 
storage of the mala culture at -32°C was better 
than at -20°C. Bergere, 1969, has recommended that 
the storage temperatures of concentrated cultures 
should be less than -30°C. Lyold 1975, recommended 
storage temperatures of less than -37°C.

5.6. Effect of Freeze-drying on the
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Concentrated Mala Culture-
Freeze drying appears to have greater

reduction effect on the survival rate , *
aromabacter and metabolic activity of the
concentrated mala culture as compared to deep
freezing. The survival rate of the concentrated 
mala culture decreased by about 30 to 40% as a 
result of freeze drying. This is within the 
reported survival values of 10 to 100%, depending 
on the culture, and protective agents used
(6.21.37.45.64) . The lower survival rates are 
reported when no protective medium is used (21,37). 
Intermediate rates have been observed when the 
protective media are yeast extract, lactose, 
glycerol and monosodium glutamate used singly (27, 
37, 45). The higher survival rates are registered 
when a combination of the above agents are used
(6.21.64) . The survival rate of the concentrated 
mala culture was, however, lower than that reported 
for a culture freeze dried with the same protective 
medium, yeast extract (37). The decrease in the % 
aromabacteria of the concentrated mala culture was 
similar to that reported by Zickrick et. al, 1982, 
who established that the proportion of the 
aromabacter, S. diacetilactis decreases in 
proportion to the acidulating bacteria during
freeze drying.
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The lactic acid forming activity of the 
concentrated mala culture was reduced two-fold by 
freeze drying as compared to deep freezing. The 
diacetyl and viscosity formation of the culture 
were also reduced by about the same margin. In 
spite of this, it was found that the freeze dried 
concentrated mala culture could still be used 
directly to make a good product. The reduction in 
the activity of the mala culture was less when 
compared to that reported by Bouillanne et. al., 
1978. They showed that the activities of 62 freeze 
dried concentrated mixed cultures, were reduced by 
four times as compared to when deep frozen. They 
did not, however, indicate whether any protective 
agents were used during freeze-drying.

5.7 Applicability of the Concentrated Mala
Culture in Making Mala.
The concentrated mala culture were used 

directly to make mala. These were compared to 
similar products made by the conventional starter 
culture. It was found that there was no difference 
in the acceptability of the two products. Products 
made by the concentrated mala culture after three 
months storage were equally acceptable to that of 
conventional culture. Products made by using the 
freeze dried concentrated mala culture directly, 
were equally preferred to the other products. These
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f i n d i n g s  w e r e  s i g n i f i c a n t  i n  t h a t  b o t h  t h e  d e e p -  

f r o z e n  a n d  f r e e z e - d r i e d  c o n c e n t r a t e d  m a l a  c u l t u r e s  

c a n  b e  a p p l i e d  d i r e c t l y  i n t o  t h e  M a n u f a c t u r e  o f  

g o o d  q u a l i t y  m a l a .  T h i s  w a s  t h e  p u r p o s e  o f  t h e

s t u d y .
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6 ; SUMMARY M i l  CONCLUSIONS.

T h e  p u r p o s e  o f  t h i s  w o r k  w a s  t o  p r o d u c e  a  b u l k  

c o n c e n t r a t e d  m a l a  c u l t u r e  t h a t  c a n  b e  u s e d  d i r e c t l y  

t o  ma ke  g o o d  q u a l i t y  m a l a .  S u c h  a  c u l t u r e  s h o u l d  be  

s t o r e d  f o r  a  r e a s o n a b l e  p e r i o d  o f  t i m e  u n d e r  

c o n d i t i o n s  t h a t  c a n  b e  a c h i e v e d  b y  s m a l l  s c a l e  

d a i r y  i n d u s t r i e s  i n  K e n y a .

T h i s p u r p o s e w a s  t o b e  a c h i e v e d  b y o p t i m i s i n g t h e

g r o w t h o f  t h e c u l t u r e .  C o n d i t i o n s c o n s i d e r e d t o

t h i s e n d  w e r e t h e  g r o w t h  m e d i a  a nd b u f f e r i n g t h e

s a m e  . T h r e e m e d i a , n a m e l y  s k i mm i l k ,  whey a nd

t r y p t o n e  b r o t h p l u s b u f f e r i n g  o f t h e  s a m e  wi t h

c a l c i u m  c a r b o n a t e  w e r e  e v a l u a t e d .  T h e  o b j e c t i v e  w a s  

t o  o b t a i n  t h e  b e s t  me d i u m i n  t e r m s  o f  g r o w t h ,  c e l l  

y i e l d s ,  v i a b i l i t y ,  a c t i v i t y  a n d  t h e  s p e c i e s  b a l a n c e  

o f  t h e  c u l t u r e .  T h e  c u l t u r e  w a s  t h e n  c o n c e n t r a t e d  

b y  c e n t r i f u g a t i o n  i n  a  l a b o r o t a r y  c e n t r i f u g e .  T he  

c o n c e n t r a t e d  m a l a  c u l t u r e  w a s  p r e s e r v e d  b y  d e e p  

f r e e z i n g  a t  - 3 2  a n d  - 2 0 ° C  p l u s  u s e  o f  

c r y o p r o t e c t i v e  a g e n t s  a n d  by  f r e e z e - d r y i n g .  D u r i n g  

p r e s e r v a t i o n  t h e  c o n c e n t r a t e d  m a l a  c u l t u r e  w a s  

t e s t e d  f o r  v i a b i l i t y ,  s p e c i e s  b a l a n c e  a n d  m e t a b o l i c  

a c t i v i t y .  T h e  p e r f o r m a n c e  o f  t h e  c o n c e n t r a t e d  m a l a  

c u l t u r e  w a s  e v a l u a t e d  b y  m a k i n g  m a l a  u s i n g  t h e  s a m e  

a n d  c o m p a r i n g  t h i s  w i t h  m a l a  ma de  b y  t h e  

c o n v e n t i o n a l  s t a r t e r  u s i n g  s e n s o r y  t e c h n i q u e s .
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I t  w a s  f o u n d  t h a t  a l t h o u g h  e a c h  m e d i a  a f f e c t e d  

t h e  g r o w t h  p a r a m e t e r s  o f  t h e  c u l t u r e  d i f f e r e n t l y ,  

t h e  o v e r a l l  s u r p p o r t  o f  t h e  m e d i a  t o  t h e  c u l t u r e  

g r o w t h  w a s  s i m i l a r  i n  t h e  t h r e e  m e d i a .  T h e r e  w a s  

o n l y  s l i g h t  d i f f e r e n c e  i n  t h e  TVC a nd  a c t i v i t y  o f  

t h e  c u l t u r e  g r o w n  i n  t h e  t h r e e  m e d i a .  H o w e v e r ,  

c e n t r i f u g a t i o n  o f  t h e  c u l t u r e  w a s  d i f f i c u l t  i n  m i l k  

a n d  t r y p t o n e .  T h e  c e l l  y i e l d  o f  t h e  c u l t u r e  w a s  

l o w e r  i n  t r y p t o n e  t h a n  i n  m i l k  a n d  wh e y .  T h e  g r o w t h  

m e d i a  d i d  n o t  a f f e c t  t h e  s t a b i l i t y  o f  t h e  

c o n c e n t r a t e d  c u l t u r e  d u r i n g  f r o z e n  s t o r a g e .  

B u f f e r i n g  o f  t h e  m e d i a  w a s  a d v a n t a g e o u s  i n t o  t h e  

g r o w t h ,  c o n c e n t r a t i o n  a n d  p r e s e r v a t i o n  o f  t h e  

c u l t u r e .  D u r i n g  g r o w t h ,  b u f f e r i n g  p r o d u c e d  l e s s  

c h a n g e  i n  pH a s  c o m p a r e d  t o  l a c t i c  a c i d  f o r m a t i o n .  

T h i s  r e s u l t e d  i n  a  h i g h e r  pH a n d  l o w e r  l a c t i c  a c i d  

d e v e l o p e d  a t  h a r v e s t  t i m e  a s  c o m p a r e d  t o  u n b u f f e r e d  

m e d i a .  T h i s  l e d  t o  an i n c r e a s e  i n  t h e  g r o w t h  r a t e ,  

c e l l  p o p u l a t i o n ,  c e l l  y i e l d  a n d  a c t i v i t y  o f  t h e  

m a l a  c u l t u r e .  S u c h  i n c r e a s e s  w e r e  h i g h e r  i n  whey 

t h a n  i n  t h e  o t h e r  t wo  m e d i a .  B u f f e r e d  whey w a s  t h u s  

d e d u c e d  t o  b e  t h e  m o s t  a p p o p r i a t e  me d i u m .  C u l t u r e s  

t h a t  w e r e  g r o w n  i n  b u f f e r e d  m e d i a  w e r e  f o u n d  t o  b e  

m o r e  s t a b l e  i n  s u s t a i n i n g  t h e  v i a b i l i t y ,  s p e c i e s  

b a l a n c e  a n d  t h e  m e t a b o l i c  a c t i v i t y  o f  t h e  

c o n c e n t r a t e d  m a l a  c u l t u r e  d u r i n g  f r o z e n  s t o r a g e .  

T h e  s t a b i l i t y  o f  t h e  c o n c e n t r a t e d  m a l a  c u l t u r e  

d u r i n g  f r o z e n  s t o r a g e  f o r  t h r e e  m o n t h s  w a s  g r e a t l y
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i m p r o v e d  b y  u s e  o f  c r y o p r o t e c t i v e  a g e n t s .  G l y c e r o l  

w a s  p a r t i c u l a r l y  v e r y  e f f e c t i v e  a s  a  c r y o p r o t e c t i v e  

a g e n t .  T h e  c u l t u r e  p r e s e r v e d  f r o z e n  u s i n , g  g l y c e r o l  

s t a y e d  f o r  f o u r  m o n t h s  w i t h  s l i g h t  c h a n g e  i n  i t s  

q u a l i t y .  G l y c e r i n e  w a s  f o u n d  t o  h a v e  t h e  s a m e  

e f f e c t  a s  g l y c e r o l .  T h i s  w a s  o f  g r e a t  p r a c t i c a l  

i m p o r t a n c e  b e c a u s e  t h e  f o r m e r  i s  l o c a l l y  a v a i l a b l e  

u n l i k e  t h e  l a t t e r .  S t o r a g e  o f  t h e  c u l t u r e  a t  - 2 0 oC 

c a u s e d  g r e a t e r  i n s t a b i l i t y  o f  t h e  c u l t u r e  t h a n  when 

s t o r e d  a t  - 3 2 ° C .  F r e e z e  d r y i n g  o f  t h e  c o n c e n t r a t e d  

m a l a  c u l t u r e  r e s u l t e d  i n  l o w e r  a c t i v i t y  a n d  

v i a b i l i t y  t h a n  d e e p  f r e e z i n g .

F r o m t h e  r e s u l t s  o f  t h e  v i a b i l i t y  a n d  a c t i v i t y  

o f  t h e  c o n c e n t r a t e d  m a l a  c u l t u r e ,  i t  w a s  d e d u c e d  

t h a t  t h i s  c u l t u r e ,  c a n  b e  u s e d  d i r e c t l y  t o  ma ke  

m a l a .  I t  w a s  c a l c u l a t e d  t h a t  an  i n o c u l a t i o n  r a t e  o f

o n l y  0 . 2 % c o u  I d a c h i e v e  t h e  s a m e i n i t i a l c e l l

c o n c n t r a t  i o n a s t h e  3 . 0 %  r a t e u s e d f o r t h e

c o n v e n t i o n a l c u l t u r e .  T h i s  r a t e  w a s u s e d t o ma ke

t h e  p r o d u c t s  d u r i n g  t h e  s t o r a g e  o f  t h e  c o n c e n t r a t e d  

m a l a  c u l t u r e .  By  c o m p a r i n g  s u c h  p r o d u c t s  w i t h  t h o s e  

ma de  b y  t h e  c o n v e n t i o n a l  c u l t u r e ,  i t  w a s  f o u n d  t h a t  

t h e  p r o d u c t s  o f  t h e  c o n c e n t r a t e d  m a l a  c u l t u r e  w e r e  

e q u a l l y  a c c e p t a b l e .  T h e  p r a c t i c a l  a p p l i c a t i o n  o f  

t h e s e  f i n d i n g s  a r e  e n o r m o u s .  T h e  m a l a  c u l t u r e  w a s  

g r o w n ,  c o n c e n t r a t e d  a n d  p a c k a g e d  i n  5 0 0 g  i n  p l a s t i c  

b o t t l e s .  T h e s e  c u l t u r e s  w e r e  s t o r e d  s u c c e s s f u l l y  b y  

d e e p  f r e e z i n g  a t  - 3 2 ° C  f o r  a t  l e a s t  f o u r  m o n t h s .
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T h e  c u l t u r e - i n - b o t t l e s  w a s  f o u n d  e n o u g h  t o  

i n o c u l a t e  d i r e c t l y  i n t o  1 0 0  l i t r e s  o f  m i l k  i n  t h e  

v a t .  One s u c h  b o t t l e  c o u l d  b e  u s e d  f o r . - t w o  w e e k s .  

T h i s  v o l u m e  o f  m i l k  w o u l d  o t h e r w i s e  r e q u i r e  t h r e e

l i t r e s  o f  t h e  c o n v e n t i o n a l s t a r t e r  c u l t u r e ,

p r e p a r e d  t h r o u g h  p r o p a g a t i o n  i n f i v e  d a y s  a n d  w i t h

a  p r o p o r t i o n a t e  i n c r e a s e  i n  t h e c o s t  o f  p r o d u c t i o n .

T h e  c o n c e n t r a t e d  m a l a  c u l t u r e  w a s  s u c c e s s f u l l y  

p r e s e r v e d  i n  t h e  l o n g  t e r m  b y  f r e e z e - d r y i n g .  T he  

f r e e z e - d r i e d  c o n c e n t r a t e d  m a l a  c u l t u r e  w a s  f o u n d  

e f f e c t i v e  a s  a  D i r e c t  V a t  S t a r t e r  ( D V S ) .  B u t  d u e  t o  

t h e  s m a l l  a m o u n t s  i n v o l v e d ,  i t  c o u l d  w e l l  b e  

u t i l i s e d  a s  t h e  s o u r c e  o f  t h e  d e e p - f o z e n

c o n c e n t r a t e d  m a l a  c u l t u r e .  F r om t h e  f o r e g o i n g  i t  i s

c o n c l u d e d  t h a t  t h e  p u r p o s e  o f  

a c h i e v e d .

t h i s  w o r k  h a s  b e e n

T h e  p r o d u c t i o n  o f  t h e  b u l k c o n c e n t r a t e d  m a l a

c u l t u r e ,  u s i n g  whey  b u f f e r e d  w i t h  c a l c i u m  c a r b o n a t e  

a n d  c o n c e n t r a t i o n  o f  t h e  c u l t u r e  b y  c e n t r i f u g a t i o n

i s  l ow c o s t  a n d  p r a c t i c a l l y f e a s i b l e .  S u c h  a

c u l t u r e  c a n  b e  s a f e l y  p r e s e r v e d b y  d e e p  f r e e z i n g  a t

- 3 2 ° C  w i t h  t h e  h e l p  o f g l y c e r i n e  a s  a

c r y o p r o t e c t i v e  a g e n t .  T h e r e  i s  n e e d  t o  s t u d y  o t h e r  

d a i r y  c u l t u r e s  u s e d  i n  K e n y a  s u c h  a s  t h o s e  f o r  

y o g h u r t  a n d  K e n y a n - m a d e  c h e e s e s  on s i m i l a r  l i n e s  

w i t h  t h e  a i m  o f  i m p r o v i n g  a n d  e n c o u r a g i n g  t h e  u s e  

o f  t h e s e  c u l t u r e s  b y  s m a l l  s c a l e  d a i r y  i n d u s t r i e s .
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8 . a p p e n d i c e s .

APPENDIX I 
TRT ANGLE TEST

NAME :

DATE :

PRODUCT :

I n s t r u c t i o n s :

( 1 )

S a m p l e

( 3 )  I n d i c a t e  t h e  d e g r e e  o f  d i f f e r e n c e  b e t w e e n  t h e  d u p l i c a t e  

s a m p l e s  a n d  t h e  o dd  s a m p l e .

S l i g h t  : ____________________ Much : _____________________

M o d e r a t e :  ____________________ E x t r e m e :  _____________________

( 4 )  A c c e p t a b i l i t y :

Odd s a m p l e  m o r e  a c c e p t a b l e  : ______________________________________

D u p l i c a t e  s a m p l e s  m o r e  a c c e p t a b l e  : __ ___________________________________

H e r e  a r e  t h r e e  s a m p l e s  f o r  e v a l u a t i o n .  Two o f  

t h e s e  s a m p l e s  a r e  d u p l i c a t e .  S e p a r a t e  t h e  odd  

s a m p l e  f o r  d i f f e r e n c e  o n l y .

( 2 )

C h e c k  o dd  s a m p l e

( 5 )  C o m m e n t s :
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APPENDIX I I

r a n k i n g  PREFERENCE. 1EEL

NAME : ______________ ____________________________________________________

DATE : ____________ ______________________________________________________

PRODUCT : _____________ _____________ ________________________________________

You a r e  p r e s e n t e d  w i t h  t h e  f o l l o w i n g  c o d e d  s a m p l e s .  

P l e a s e  g r a n t  t h e m a c c o r d i n g  t o  y o u r  p r e f e r e n c e .

Cods.
F i r s t  : ______________________________________________________

S e c o n d  : ______________________________________________________

T h i r d  : ______________________________________________________

F o u r t h  : ______________________________________________________

F i f t h  : ______________________________________________________

CQjnmerLLs.:
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APPENDIX III 
STATISTICAL CHART 1

Number
of
tasters

Two-example test
Number of concurring choices
necessary to establish
significance

Triangle test 
difference analysis 
number of correct answers 
necessary to establish 
significance

* * ** *** * ** ***

1o — — — - -
.z .

z
3 _ _ _ 3 — —

4 - - - 4 - -

5 - - - 5 5 -

6 6 - - 5 6 -

7 7 - - 5 6 -

8 8 8 - 6 7 8
9 8 9 - 6 7 8

10 9 . 10 - 7 8 9
1 1 10 1 1 1 1 7 8 10
12 10 1 1 12 8 9 10
13 1 1 12 13 8 9 1 1
14 12 13 14 9 10 1 1
15 12 13 1 1 9 10 1216 13 14 15 9 1 1 12
17 13 15 16 10 1 1 1318 14 15 17 10 12 1419 15 16 17 1 1 1 1 1 1
20 15 17 18 11 11 11

* 5% level of significance. ** 1 % level. *** 0.1% level.
Extracted from Heatherbell, 1970
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APPENDIX IV 
STATISTICAL CHART 5 
Scores for Ranked Data

The mean deviations of the 1st, 2nd, 3rd... largest members 
of samples of different sizes: zero and negative values omitted.

Size of Sample
Ord inal
Number 2 3 4 5 6 7 8 9 10

1 .56 .85 1.03 1.16 1.27 1.35 1.42 1.49 1.54
2 .30 .50 .64 .76 .85 .93 1 . 0 0
3 .2 0 .35 .47 .57 . 6 6
4 . 15 .27 .38
5 . 1 2

1 1 12 13 14 15 16 17 18 19 20

1 1.59 1.63 1.67 1.70 1.74 1.76 1.79 1.82 1.84 1.87
2 1.06 1 . 1 2 1.16 1 . 2 1 1.25 1.28 1.32 1.35 1.38 1.41
3 .73 .79 .85 .90 .95 .99 1.03 1.07 1 . 1 0 1.13
4 .46 .54 .60 . 6 6 .71 .76 .81 .85 .89 .92 i
5 .22 .31 .39 .46 .52 .57 .62 .67 .71 .75
6 . 1 0 .19 .27 .34 .39 .45 .50 .55 .59
7 .09 . 17 .23 .30 .35 .40 .45
8 .08 .15 . 2 1 .26 .31
9 • .07 .13 .19
10 .06

Extracted from Heatherbell, 1970
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