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ABSTRACT 

Five starter samples of Deekiri, a fermented mild product of Sri 

Lanka, were studied. Microorganisms involved in the curdling process were 

isolated and identified. Yeast was isolated from every sample and Lacto

bacillus and a Streptococcus species were also present in four starters. 

The fifth sample contained only a Streptococcus. The bacteria were charac

terized and one Streptococcus was identified as Group D enterococcus while i 

the other four were identified as Group D nonenterococci. The latter four 

did not fit characteristics of any known species of this group and there

fore may be new species. Four lactobacilli were identified as I&. acido

philus. 1&. bulgaricus. L&. and XJjf. helveticus. The role of 

each organism in curd formation was investigated and microbial successions 

were observed. The yeast stimulated bacterial growth and activity and to 

a lesser degree the bacteria stimulated yeast growth. 

ix 



CHAPTER '1 

INTRODUCTION 

The art of preservation of milk by fermentation predates Christianity. 

Naturally fermented miJic is preserved for many days. The discovery of this 

natural phenomenon could have occurred by accident due to natural contami

nation of the milk with lactose fermenting microorganisms which naturally 

inhabit plant materials. Once it was observed, man gradually developed the 

art of handling milk to encourage fermentation in order to preserve it for 

later consumption. The practice of fermentation of milk started among the 

nomadic tribes of the Near East, although some investigators suggest that 

this practice originated in the Mediterranean Sea basin where warm clima

tic conditions prevailed. Warm raw milk from cows, sheep, goats, camels, 

or horses was curdled by this activity. As a result of this souring or 

fermentation, growth of spoilage and pathogenic organisms was suppressed. 

Evolution of this art may have occurred as a concurrent parallel sequence 

in different countries of the area. Methods and milk sources differed 

from one tribe to another and product characteristics differed also. 

However, all were fermented by lactic acid bacteria and in some instances 

alcoholic fermentation also took place due to the presence of molds or 

yeasts in these starters (18, Jk, 40). Today, several fermented milk 

products with different names and fermented by different microorganisms 

under similar conditions are produced in many geographic areas including 

central Europe, the Mediterranean, Africa, and Asia. Fermented milk pro

ducts are of great importance as they are part of the daily staple diet. 
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Of these products, yoghurt produced mainly in Southwest Asia and in the 

Mediterranean has achieved a world-wide popularity. It is known as Laban 

in most of the Middle Eastern countries and as Naja in Bulgaria. Two al

coholic beverages, Kumiss from Russia and Kefir from Southwestern Asia 

are produced from mare's and goat's milk or ewes milk respectively (19, 

22). Deekiri, a form of unsweetened milk curd made from cow's milk as 

well as buffalo milk, is the only fermented milk product native to the 

island of Sri Lanka. The consistancy of the deekiri varies from firm to 

soft while the flavor varies from highly acidic to a milder fresh milk 

taste. In addition, it has a mild nutty flavor due to prolonged evapora

tion of milk by heat and a characteristic aroma depending on the area of 

production. Deekiri is mainly consumed as a popular dessert and is mixed 

with either honey or coconut syrup which is made from the tapped sap of 

the inflorescence of the palm. 

The production of almost all the fermented milk products including 

cheese, depends on lactic acid bacteria for their ability to ferment 

lactose sugar in milk to produce predominantly lactic acid. The lactic 

acid so formed adds a distinctive fresh acidic flavor to the product and 

in most cases plays a major role in the coagulation of the casein and 

texturing of the curd, e.g., cheese, etc. From a colloidal chemistry 

view point, the milk curdling effect of lactic acid is caused by the pre

cipitation of the suspended casein micelles. This occurs at a pH of k.7» 

the isoelectric point of casein, and is due to the neutralization of the 

negative surface charges on casein by the positively charged lactate ions 

(19). In contrast, proteolytic enzymes, such as rennin, cleave the pep

tide bond between Phe (105) ~ Met (106) in K-casein to yield para-K-ca-



3 

sein and a glycomacro peptide. Proteolysis causes an unstability in the 

suspended casein micelles and induces the clotting of milk (^2). In both 

cases a gel is formed by the cross linking of fibrous paracaseins. A 

weaker gel always results from acid curdling (19). In addition, the low 

pH achieved by lactic acid production suppresses the growth of pathogens 

and many spoilage organisms. Apart from lactic acid production, the lac

tic acid bacteria produce volatile compounds such as acetaldehyde, acetone, 

acetoin, and diacetyl which act as flavor and aroma compounds in many milk 

products (40). These bacteria also elaborate proteolytic enzymes and to 

a lesser extent lypolytic enzymes which are desired in the ripening of 

cheese (10). 

Furthermore, the beneficial effects of lactic acid bacteria also in

clude the production of antimicrobial compounds in fermented milk. Nisin, 

a polypeptide produced by some strains of £. lactis is an example. It 

is widely used as a food preservative for its stable antimicrobial action 

against spore formers, Staphylococcus aureus, streptococci and lacto-

bacilli even at low pH (^3)• Other examples include acidophilin and acido-

lin produced by some strains of Ift., acidophilus (39)• Many claims have 

been established for the therapeutic value of fermented milk in the diet of 

humans. Metchnikoff observed the longevity of the tribesmen of Bulgarian 

hills and attributed this result to the life-long consumption of large 

quantities of yoghurt. He theorized that the life span of human beings is 

shortened by the action of autointoxication due to the absorption of cer

tain metabolic products of anaerobic protein degradation in the human 

intestines. He suggested that this could be prevented or controlled by 

the establishment of an acid-producing microflora in the human intestine (^). 



He did not prove it and neither has anyone disproved his hypothesis (3*0. 

Despite conflicting ideas on the longevity of human life, the improved 

nutritive values of fermented milk such as the increased digestibility of 

protein and enhanced absorption of phosphorous and calcium in the lower 

intestines are widely accepted facts (4*5). On the other hand, most of 

the adult population of the world, except for Northern Europeans and a 

few African tribes, generally show an intolerance towards milk sugar lac** 

tose. In this aspect fermented milk may be an ideal food since it does 

not give rise to intestinal disturbances due to the presence of unabsorb-

ed lactose in the intestines. The formation of gases in the human intes

tines by the microbial fermentation of excess lactose may not be favoured 

by the consumption of fermented milk products due to the low lactose le

vels found in them (5). In addition, it is suggested that fermented 

milk contains compounds that exhibit antitumor activity as well as blood 

cholesterol level decreasing activity (^7). It has been shown also that 

a yoghurt dialysate, when administered to mice with tumor cells, reduced 

the number of tumor cells significantly. This response may be due to 

the stimulation and the enhancement of the immune response of the animal 

(*6). 

Lactic acid bacteria comprise the following genera: Leuconostoc. 

Pediococus. Lactobacillus and groups D and N Streptococcus. The first 

two-mostly occur on plant material (2l). Sandine et al., suggests that 

plant matter is the natural habitat of lactic streptococci and that all 

other streptococcal species and strains would have evolved from these 

plant streptococci (4-1). Lactic acid bacteria axe divided into two 

groups. The homofermentative lactics produce- lactic acid as the sole 



product of sugar fermentation while the heterofermentative lactics produce 

equimolar amounts of lactic acid, GOg and ethanol from sugars. All 

species of Streptococcus. Pediococcus and some lactobacilli are homofer-

mentative while all Leuconostoc species and some lactobacilli are hetero-

lactic (21). During the fermentation of milk, lactose is hydrolyzed by-

lactic acid bacteria to glucose and galactose. Glucose is fermented to 

lactic acid while galactose accumulates in the cells (^0). 

Lactic Streptococci need complex media for satisfactory growth since 

they are nutritionally fastidious. When grown in synthetic media they all 

require at least six amino acids and three vitamins (4-8). Lawrie and 

Pearce (4-9) during their studies of lactic streptococcal phages devised a 

new medium and named it Ml6. Most of the lactic streptococcol strains 

grow better when p-disodium glycerophosphate at 1.9% level was added in 

to above medium. The new medium with enhanced buffering capacity is de

signated KL7 (^+8) • MRS medium, an improved medium for the cultivation of 

almost all lactobacilli strains from oral, fecal, dairy, and other sources, 

is described by De Man et al. (ll). This is useful especially for'the 

fastidious strains and could be used as a basal medium for fermentation 

tests in lactobacilli identification. Another medium for both lactic 

streptococci and lactobacilli especially for the fastidious strains has 

been formulated by Elliker et al. (3). It supports excellent growth of 

lactic acid bacteria from dairy products as well as from other materials 

such as silage. The new medium is designated as lactic agar and the 

omission of agar from this medium provides an excellent broth medium for 

the cultivation of all types of lactic acid bacteria. This medium is 

preferred over the others due to the following factors: easy accessibility 
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as a commercially prepared dehydrated medium, low cost relative to other 

media, simplicity of its preparation and the ease with which the colonies 

can be examined, isolated and counted (4). 

Homofermentative as well as the heterofermentative acid production 

requires enhanced buffering capacity in any medium in order to attain a 

substantial growth response (48). Hunter observed excellent growth and 

larger colonies of lactic streptococci when sodium phosphate was incor

porated in to the simple medium he formulated (50). It was revealed that 

the incorporation of diammonium phosphate as a means of improving the 

buffering capacity of Elliker lactic agar, did improve the enumeration of 

lactic streptococci by increasing the plate counts by 7*75 times higher 

than that of Elliker lactic agar without a buffering agent (4). For the 

propagation of the organisms occurring in milk products and whole lactic 

starters, 10 % skim milk heat sterilized at 115°G for 10 minutes, is re

commended (1,12). An advanced acid production by lactic streptococci was 

observed when these cells were inoculated from cultures propogated in 

-skim milk with |3-disodium glycerophosphate (1.9 %), into skim milk with

out the above compound. This suggests that the acid producing ability 

was not impaired in the cells grown in maintenance skim milk with this 

compound unlike its occurence in cells subcultured daily in skim milk (48). 

For the cultivation of yeast, malt extract agar can be successfully 

employed (l). 

In order to isolate and identify the bacteria in the deekiri starters 

used in Sri Lanka, five deekiri starter samples collected from five dif

ferent regions of the island, were used in this study. The growth pat

tern 'of each organism and the production of acidity in milk also were 

investigated. 



CHAPTER 2 

MATERIALS AND METHODS 

Procedure of Making Deekiri in Sri Lanka 

Fresh whole milk is heated to boiling in large earthen containers. 

Then the milk is boiled gently 30 minutes to 1 hour and stirred intermit-

tantly until the volume is reduced by about l/5. The duration of boiling 

varies from place to place but with a minimum of 30 minutes. The concen

trated milk is distributed into new kiln baked earthenware containers in 

1.5 to 2 liter volumes, allowed to cool to a temperature (30-35°2) which 

is just above the ambient temperatures, and approximately 1-2 teaspoons of 

starter is added. The starter used is the deekiri processed on the pre

vious day. The milk inoculated with the starter is mixed and incubated 

at room temperature (27°C)• When the curd is formed the containers are 

covered with a polythene sheet or paper and distributed to various parts 

of the island for consumption. The processed product is consumed within 

1 to 4 days after inoculation. Hereafter in the text the term "curd" may 

be used for the finished product as it is being used among the natives in 

some instances. 

Samples SmpJ-ing sj-tes 

The curd starter cultures used in this investigation were obtained 

from deekiri processed for public consumption. Processed curd samples 

were collected from five different areas of the island of Sri Lanka be

tween October 6 and October 28, I98I. Two samples from Undugoda and 

7 
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Kandakaduwa areas respectively were produced from starters obtained from 

the government livestock farms and the sample from Gannoruwa was produced 

from starter obtained from the government experimental farm of the Depart

ment of Animal Production and Health. Two other samples were purchased 

from commercial producers at Matara and Batticoloa. The Matara sample was 

from curd processed at Tissamaharama. Fresh starter cultures prepared by 

inoculation of 8 ml of pasteurized milk with 1 ml of curd followed by 

incubation for 24 hours at 27°G, as well as freeze dried starter cultures 

were sent to Arizona by air freight and were received by the investigator 

after 10 days transit. All samples were refrigerated and cultured as 

follows. 

Culture and Maintenance of Curd Starters 

Ten ml of sterile 10 % skim milk (l) in screw capped test tubes was 

inoculated with 0.3 ml of thoroughly mixed curd and incubated at 27°G for 

24 hours. The tubes were observed for clotting and were stored at 4°G. 

The samples were maintained by serial transfer into skim milk every two 

weeks. The freeze dried starters were suspended in 1 ml of sterile skim 

milk, inoculated into 9 ml.of sterile skim milk, and incubated 24 hours 

at 27°G. Once revived, they were maintained as described above. 

Illation apfl Chaggis-teicizatipn 

Smears were made of curd subcultures and were stained according to 

Breed smear technique modified by excluding the xylol, 95 % ethyl alcohol 

and distilled water treatments (2). The smears were observed under oil 

immersion (Nikon, Optiphot). 

For the isolation of lactic acid bacteria a medium (EA) formulated 
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by Elliker et al. was used (3). The "buffering capacity was increased by 

addition of 0A% (wt/vol) (NH^)^ HPO^ before sterilization (4). To 

facilitate the isolation of lactic acid bacteria and eliminate fungal 

growth, cycloheximide was also incorporated into the medium in some cases 

(5)* Cycloheximide (Acti-dione, UpJohn Company, Kalamazoo, Michigan) 

solution was filtered (0.2 um) and added at a concentration of 0.5 mg/ml 

of medium (6). Sterile cycloheximide stock solution was added to Elliker 

medium that has been sterilized (15 psi for 15 minutes) and cooled to 

45°C (7). Elliker agar with cycloheximide will be referred to as 

Selective Elliker Agar (SEA). 

Malt extract agar (MEA) containing 20 grams of dextrose, 20 grams 

of malt extract, 1 gram of peptone, 20 grams of agar, dissolved in 1 

liter of distilled water was used to isolate yeast. The final pH of the 

medium was adjusted to 4.6 before sterilization. 

Each curd starter subculture was streaked on two plates of SEA and 

a plate of MEA. One of the SEA plates was incubated at 35°C in a 

"candle jar" microaerophilically to favor the isolation of lactic strep

tococci and the second plate was incubated anaerobically (Brewer anaero

bic jar) at the same temperature for the isolation of lactobacilli (8, 9). 

The MEA plate was incubated at 27°C aerobically. After incubation for 

hours, smears from isolated colonies were gram-stained. Colonies 

were also tested for catalase activity using 3 % hydrogen peroxide. 

Smears from yeast colonies that appeared on MEA were stained with methy

lene blue simple stain. Gram positive, chain forming, catalase-negative 

cocci and gram positive, catalase-negative non-sporulating rods isolated 

from each starter were purified and stored on Elliker agar slants and in 



Elliker broth (3) until identified. Cultures were transferred every 

four days. 

anfl Characterization 
pf Lactobacillus Isolates 

All gram-positive, non-sporulating, catalase-negative rod-shaped 

isolates were characterized and identified according to the methods of 

Rogosa and Sharpe (9) and Sharpe (10). Gatalase activity, liquifaction 

of gelatin, reduction of nitrates and indole production were also tested. 

Differentiation into the subgenus Thermobacterium was done according to 

the same schema and differentiation of one isolate into the subgenus 

Betabacterium was accomplished by differential growth at 15°C and 45°G 

as shown in Table 1 (8). In addition, each isolate was tested for curd 

formation in skim milk at 35°C« 

Elliker lactic broth was used as the basal medium for all carbor 

hydrate fermentation media. Glucose, gluconate and ribose were added at 

a final concentration of 2 % (w/v) (3, ll). Sucrose, cellobiose and sa-

licin were incorporated at 1 % (w/v) in fermentation media and esculin 

at 0.5 % (w/v) Bacto brom cresol purple (Difco) at 0.015 g/liter was 

used as the pH indicator (l). The final pH of fermentation media was 

6.8. 
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Table 1. Differentiation of Betabacterium species.1 

brganism Glucose Gluconate Hibose Growth at ^5°Q Growth at 15°G 

ik. A, G2 A, G A + 

Ik* brevls A, G A, G A - +• 

1. Reference: (8) Bergy's Manual of Determinative Bacteriology 

2. A - Acid, G - Gas 

All cultures unless otherwise indicated were incubated at 35°G and 

reactions were recorded after 24 and 48 hours incubation. Appropriate 

uninoculated and unsupplemented controls were included. For convenience, 

lactobacillus isolates from Matara, Gannoruwa, Kandakaduwa and Batticoloa 

curds were designated ML, GL, KL, and BL respectively, 

IctenUfj.catinn and, Gharast station 
of Streptococcal Isolates 

All gram-positive, catalase-negative, non-sporulating cocci in chains 

were identified and characterized according to procedures in Bergy's 

Manual (8) as well as those described by Sharpe (10) and MacFaddin (12). 

For comparative purposes, strains of lactis and g.. faecalis obtained 

from the departmental stock culture collection were used. Elliker lactic 

broth was the basal medium for temperature, pH, bile, and salt tolerance 

tests. The same medium with added Bacto brom cresol purple (Difco, 0.03 

g/liter) indicator was used to detect arginine hydrolysis and carbo
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hydrate fermentation (13). Media were adjusted to pH 6.8 before steri

lization. For arginine hydrolysis, L ( ) arginine monohydrochloride at 

1 % (w/v) was incorporated and the pH of the medium was adjusted to 6.0 

(12). The pH of 40 % bile medium was 7.2 (l^-). Appropriate uninoculated 

and unsupplemented control media were included. Cultures were incubated 

at 35°G and reactions were recorded at times indicated. Streptococcus 

isolates from Matara, Gannoruwa, Kandakaduwa, Batticoloa, and Undugoda 

curds were designated MS, GS, KB, BS, and US respectively. 

Microbial Growth. Acid Production and Curdling 
of Milk Inoculated with Curd Subcultures 

of Gannoruwa Starter 

One and one-half liters of whole cows milk ere heated to vigorous 

boiling in a 3L erlenmeyer flask and simmered for one hour with continuous 

stirring (magnetic stir bar). Heated milk (100 ml) was then distributed 

into each of nine 250 ml screw capped flasks and cooled to 30°C to 35°C. 

Each flask was inoculated with 3 ml of a 24h' curd subculture grown in 

skim milk. Both Gannoruwa and Matara curd cultures were studied. In the 

latter case subcultures were produced from freeze-dried curd. Flasks 

were incubated at 27°C and sampled at times indicated. 

At three hour intervals, a single flask was randomly selected and 

the following determinations were made. For viable plate counts of bac

teria and yeast, 1 ml of mixed contents of each flask was serially diluted 

in 0.1 % peptone water and spread plated on SEA and MEA respectively. 

The SEA plates were incubated anaerobically at 35°C for 2^ hours and the 

MEA plates were incubated aerobically at 27°C for 2 days. Colonies were 

counted and numbers recorded. Breed smears for total microscopic count 

were prepared by spreading a 0.01 ml volume of the 10 dilutions over a 
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2 
1 cm area dravm on a microscopic slide with a wax pencil. Smears were 

stained with Loeffler's Methylene Blue (17, 18) according to the Breed 

smear technique (2). Direct microscopic counts of the organisms were 

made using an oil immersion objective and organisms were counted in 30 

random fields. Rod shaped and spherical shaped bacteria were counted 

differentially. 

The pH was measured immediately after the samples were taken and the 

remaining sample was refrigerated until the end of the experiment. The 

titratable acidity of the refrigerated samples warmed to room temperature, 

was measured by titrating 17.5 rol of milk (18 g) with 0.1 N NaOH in the 

presence of phenolpthalein pH indicator (15). The amount of 0.1 N NaOH 

used to reach the end point was recorded and divided by 20 to obtain titra

table acidity (19). At each sampling time, the flask and observing for 

the stability of the contents. The colored glass rod method described 

by Iwasaki et al. (16), was not possible due to the clumps of milk fat 

formed naturally in the test milk. Time points of initiation of soft curd 

formation and firm curd formation were recorded separately. 

of Milk Inoculated with Curd Subcultures 

at  Mataya 

Two liters of whole cows milk was heated treated in the same way as 

described for Gannoruwa starter. The heat treated milk was distributed 

into fourteen 250 ml flasks in 100 ml volumes aseptically, allowed to 

cool to 30-35°G, inoculated with 3 ml of skim milk subculture and incubat

ed at 27°G. 

Randomly selected flasks were sampled at three hour intervals for 

30 hours. Two samples were analyzed after 52 hours and 72 hours incuba



tion respectively. All samples were analyzed as described for the Gan-

noruwa samples. 

Growth. Acid Production and Curdling of Milk 
bv Pure Cultures of Microorganisms Isolated 

fffwn ths Matere Starter 

Three liters of whole cows milk was heated as described, cooled and 

distributed into forty-two 100 ml flasks in 50 ml volumes. The strepto

cocci and lactobacilli isolated from the Matara starter and grown on 

Elliker agar slants for 24 hours at 35°C were suspended in 1 ml of ster

ile skim milk. The yeast isolate was grown 30h on MEA slants at 2?°Q 

and suspended in skim milk. 

The k2 flasks were arranged into 7 groups of 6 flasks each. All the 

flasks of each group were inoculated according to the scheme shown below. 

Each flask within each group received 0.3 nil inoculation from each ap

propriate isolate suspension and were incubated at 27°C. 

Starter Group Composition of the Inoculum 

1 Lactobacillis 

2 Lactobacillus Streptococcus 

3 Lactobacillus Yeast 

4 Lactobacillus Streptococcus Yeast 

5 Streptococcus 

6 Streptococcus Yeast 

7 Yeast 

One flask from each group was sampled at inoculation and at three 

hour intervals for 12 hours and one sample was taken after 2^ hour incu

bation. The contents of each flask was observed for curdling and samples 

were processed and analyzed for viable plate counts, total microscopic 

counts (20), pH and the titratable acidity. 



CHAPTER 3 

RESULTS 

Microscopic Evaluation of Subcultured Starter Gurds 

Both natural as well as freeze-dried starters curdled skim milk with

in Zk hours at 27°C. Breed smears of subcultures examined microscopically 

under oil immersion revealed chain-forming cocei and, with the exception of 

Uhdugoda starter, rod-shaped bacteria. Budding yeasts were present in 

every subculture and yeasts in Undugoda, Kandakaduwa and Gannoruwa starters 

also showed hyphae. 

laotatiffl <?f Iteppgaaiusrcs §t^t^ 

Material from natural, reconstituted and subcultured curds were streak

ed for pure culture isolation onto SEA. Colonies containing gram-positive 

rods and cocci were isolated and tested for catalase activity. All were 

negative. Streptococci produced 1 mm grey convex colonies while lactoba-

cilli formed 1.5 mm grey convex colonies after 30 hours incubation at 35°C. 

No other bacterial types were observed on SEA plates. SEA also effectively 

suppressed yeast growth. Yeast were isolated on MEA after 48 hours incuba

tion at 27°G. 

Identification <?f fectoftag&lli 

Negative reactions were observed when the gram-positive, catalase-

negative rods were tested for gelatin liquifaction, nitrate reduction and 

production of indole from tryptophan and confirmed that these isolates 

were species of the genus Lactobacillus (9» 10). Tests and observations 

15 



used to speciate the Lactobacillus isolates are shown in Table 2. The 

first six tests established the subgenus of each isolate. The isolate 

from Gannoruwa (GL) produced gas and acid from glucose which is typical 

for subgenus Betabacterium and was identified as Lb,., ferment urn. This iso

late did not curdle skim milk in 2k hours. The remaining three isolates 

were designated subgenus Thermobacterium and results of additional tests 

identified isolates of Maiara (ML), Kandakaduwa (KL) and Batticoloa (BL) 

as strains of m. acidophilus. £&. frutorigw? and I&. helveticus respec

tively. 

Identification of Streptococci 

The gram-positive, non-sponulating, catalase negative, facultatively 

anaerobic, chain-forming coci isolates were confirmed as genus Streptococ

cus (8). Results of additional tests according to the differentiation 

schema of oharpe (10) and MacFaddin (12) are shown in Table 3. Reactions 

shown for the first two tests differentiate them from the heterfermenta-

tive genus Leuconostoc because of the absence of gas from glucose fermen

tation. Reactions shown for the three temperature tolerance tests indi

cate that none of the isolates are lactic Streptococci since they do not 

grow at 10°G when compared to growth of the lactic control. The 

reactions for those tests by the KS isolate indicated that it belonged to 

Group D Enterococci and it was identified as a strain of Streptococcus 

faecium. Four of the isolates, i.e., MS, GS, BS, and US produced reac

tions similar to Group D nonenterococci for tests 3, 5t 7, 9, 11» 12, 

but reactions for tests 8 (KF medium), 10 (U0 % Bile Agar) and 13 (aes-

culin hydrolysis) were atypical for this group. These isolates could not 

be identified by amy of the conventional schemes and therefore may belong 
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Table 2. Identification of Lactobacillus Isolates. 

Test ML GL KL BL 

1. Ferment Glucose + + + + 

2. Gas from Glucose - + - -

3. Growth at 4 5° C + + + + 

4. Growth at 15° C - - - -

5. Ferment Ribose - + - -

6. Gas from Gluconate - + - -

7. Granules present - NDa + -

8. Ferment Aesculin + ND - -

9. Ferment Cellobiose + ND - -

•
 

o
 

1—1 

Ferment Maltose + ND - + 

11. Ferment Salicin + ND - -

12. Ferment Sucrose - ND + + 

13. Skim milk curdled + - + + 

a. ND, not done 



Table 3. Identification of Streptococcus isolates. 

Test MS GS KS BS US S.lactis 
Control 

S.fecalis 
Control 

1. Glucose Fermentation A1 A A A A A A 

2. Gas from Glucose - - - - - - -

3. Growth at 10°C - - + - - + + 

4. Growth at 45°C + + + + + - + 

5. Growth at 50°C - - j. < - -
2 

ND ND 

6. Growth at 2% NaCl + + + + + + + 

7. Growth at 6% Nacl - - + - - - + 

8. Growth in 
(37 C) 

KF Medium — — + /A — — - +/A 

9. Growth in 
(45 C)* 

SF Medium — — + /A — — - + /A 

•
 

o
 

1—1 

Growth in 45% Bile - - + - - - + 

11. Growth in pH 9.6 - - + - - - + 

12. Arginine : Hydrolysis - - + - - - + 

•
 

C
O

 1—
I 

Aesculin : Hydrolysis - - + - - - + 

14. Skim milk curdled + + + + + + weak 

^A, acid 

2 ND, not done 
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to an as yet unclescribed species. 

Efficiency of Suppression of Yeast bv SEA 
and Lactic Acid Bacteria bv MEA Medium 

No yeast colonies were produced on any of the SEA plates inoculated 

with three different dilutions of yeast from Gannoruwa and Matara Starters. 

In contrast, yeast grew well on MEA. In addition, MEA did not support 

growth of Lactobacillus and Streptococcus incubated aerobically at 27°Q, 

Anaerobic incubation proved best for isolation and growth of Lactobacillus 

isolates. In contrast, Streptococcus isolates grew equally well both 

anaerobically as well as in candle jars. 

Microbial Growth and Acid Production in Evaporated. 
Milk Inoculated with Gannoruwa Qurd Subculture 

Growth of bacteria in heat evaporated milk inoculated with 3% (v/v) 

subcultured Gannovuwa curd is shown in Figure 1. Bacterial numbers in

creased significantly during the first 3 hours, decreased during the next 

12 hours of incubation and increased during the remaining 9 hours incuba

tion. Numbers of yeast remained relatively constant. Soft curd was form

ed after 6 hours incubation and firm curd was formed at 15 hours of incu

bation. Since Lactobacillus and Streptococcus colonies could not be dif

ferentiated morphologically on SEA plates, Breed smears were prepared at 

each sampling time and the two cell types, rods and spheres, were counted 

differentially. Results are shown in Figure 2. As shown, numbers of 

streptococci increased during the first 3 hours incubation, remained re

latively constant over the next 9 hours incubation and decreased signifi

cantly after 15 hours incubation. In contrast, numbers of lactobacilli 

and yeast decreased during the first 3 hour incubation and then remained 
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relatively constant. The decline in numbers of streptococci may be due 

to acid reaction (pH) and increased total acidity observed (Figure 3)• 

Soft curd was observed after 6 hours incubation at pH of 4-.9 and a total 

acidity of 0.72 and firm curd was produced after 15 hours incubation at 

a pH of ^.4 and a total acidity of 0.97. 

Microbial Growth and Acid Production in Evaporated 
Milk Inoculated with Matara Curd Subculture 

Growth of bacteria and yeast in heat-evaporated milk inoculated with 

3 % (v/v) subcultured Matara curd is shown in Figure k. Growth of both 

bacteria and yeast was diauxic and initial maximum populations were at

tained in 12 hours and 18 hours respectively. Soft curd was formed in 

12 hours. Differential counts from Breed smears (Figure 5) showed that 

both treptococci and lactobacilli grew rapidly over the first 6 hours in 

incubation. At this point the former ceased growing and the latter con

tinued at a slower rate over the next 21 hours. Numbers of yeast increas

ed over the enire 72 hour incubation period. As suggested above, cessa

tion of growth of streptococci was due to acid reaction (pH) and in

creased total acidity after 6 hours incubation (Figure 6). In this case 

although a firm curd was evident after 12 hours, pH declined and total 

acidity increased for an additional 12 to 18 hours. In contrast to the 

Gannoruwa curd fermentation, more acid was formed and a lower pH was at

tained by the Matara curd fermentation. 

Growth and Acid Production in Milk Inoculated 
with Pure Cultures of Microorganisms 

Isolated from Matara Curd 

Pure cultures of the bacteria and yeast were isolated and inoculated 
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Figure 1. Viable plate counts (VPC) of Bacteria and Yeast 
in milk inoculated with Gannoruwa curd. 
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Figure 2. Microscopic enumeration of Streptococcus, 
Lactobacillus and Yeast in milk inoculated 
with Gannoruwa curd. 
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Figure 5. Microscopic enumeration of Streptococcus, 
Lactobacillus and Yeast in milk inoculated 
with Matara curd. 
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Figure 6. pH and titratable acidity of milk inoculated 
with Matara curd. 



into milk individually and in combination at densities approximating 

those in curd. Results are shown in Figures 7 through 15. Neither the 

lactobacillus (Figure 7) nor the yeast (Figure 8) alone curdled the milk 

and in both cases growth was minimal. In contrast, the streptococcus 

(Figure 9) produced extensive growth (2.5 orders of magnitude) in 6 hours 

and produced sufficient acid to form a soft curd in 12 hours and a firm 

curd in 24 hours. Results were similar when the lactobacillus was co-! 

cultured with yeast (Figure 10). In addition, the yeast stimulated 

growth of bacterium and the bacterium stimulated growth of yeast. 

When the Streptococcus was co-cultured with yeast (Figure 11), growth 

of the former was stimulated minimally but sufficiently so to produce a 

soft curd in 9 hours. Streptococcus, however, stimulated the growth of 

yeast. When cultured together streptococcus stimulated growth of the 

lactobacillus (Figure 12) as indicated both by acid production as well 

as the increase in total cell counts shown in Figure 13. Further more, 

firm curd was formed in 12 hours in the co-cultured whereas with 

streptococcus alone this was not observed until 24 hours incubation. 

Date obtained when all three organisms were inoculated into milk 

(Figure 14) were similar to data obtained with bacterial co-culture 

although in this case a firm curd was formed in 10.5 hours. Growth of 

the lactobacillus was stimulated in this case also (Figure 15). 
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Figure 7. pH, titratable acidity and growth of the Matara 
Lactobacillus in milk. 
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Figure 8. pH, titratable acidity and growth of the Matara 
Yeast in milk. 
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Figure 9, pH, titratable acidity and growth of the Matara 
Streptococcus in milk. 
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Figure 10. pH, titratable acidity and growth of Matara 
Yeast and Lactobacillus in milk. 
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Figure 12, pH, titratable acidity and growth of Matara 
Streptococcus and Lactobacillus in milk. 
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Figure 13. Breed smear microscopic counts of Matara 
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CHAPTER 4 

DISCUSSION 

This study of five deekiri curd starters collected from five dif

ferent areas of the island of Sri Lanka indicates that the microbial 

components of each were similar, with the exception of the starter from 

Undugoda; each contained a Lactobacillus, a Streptococcus and a yeast. 

Although the streptococcus component was similar in four of the curds, 

there was a difference in the lactobacillus component suggesting geograh-

ic localization. Native fermented milk products such as laban, kefir and 

kumiss of other countries have similar microorganisms in them. In kumiss, 

a Streptococcus species is absent and in Laban Leuconostoc species is 

present. In all these cases a yeast variety is found in the starter 

(21, 22). Toette, a fermented milk product from Scandinavia contains a 

streptococcus and a yeast (10) and is therefore similar to the deekiri 

from Undugoda. Selective Elliker Agar (SEA) used in this study proved 

to be an ideal medium for the isolation of bacteria from starters con

taining yeast. Growth of yeast was suppressed. Qycloheximide was added 

to SEA as a filtered solution after heat sterilization of the medium as 

recommended by the supplier (7). Although added.prior to sterilization 

in some media (6) it lost its efficacy. This may be due to thermal 

decay which is known to occur in some antifungal agents, e.g., 

Amphotericin B (23). Cycloheximide is an effective inhibitor of protein 

synthesis in eucaryotic organisms including many yeast (25) but does 
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not inhibit bacterial (procaryotic) protein synthesis (2^). The MEA 

suppressed growth of both T^tohacillus and when incubated 

aerobically at 27°G. The low pH (^.6) of the medium suppressed growth 

of Streptococcus (14) and aerobic incubation most likely suppressed 

growth of Lactobacillus even though these organisms are aciduric and 

grow optimally at pH 5®5~5.8 or less. In most of the Lactobacillus 

species the surface growth is stimulated by 5"*10# GOg (8). 

The heterofermentative Lactobacillus fermentum isolated from 

Gauinoruwa starter did not curdle skim milk and is infrequently found in 

fermented milk products (10). The lactobacilli isolated from Matara, 

Kandakaduwa and Batticoloa starters were strains of Lactobacillus 

acidophilus. Lactobacillus fral^jgusand LsWtrPtaWLUW? hglVSUCttg 

respectively. They are thermophilic bacteria and grow optimally at 

temperatures of 37°G - ̂ 5°G (10). The practice of inoculation of warm 

(30°G - 35°C) milk during curd processing and the compatible synergistic 

characteristics with the other species of the respective starters may be 

selective for these bacteria. 

The streptococci isolated from Kandakaduwa starter was identified 

as Stre-ptococcus faecium,, It has been reported that Group D enterococci 

are used as starters in the fermented milk industry, e.g., Mozzarella 

cheese (10, 19). Indeed faecium has been used as a starter for the 

production of modified cheddar cheese (40). The Group D streptococci 

such as £. faecalis. £. faecium. £. bpvjs, and faqPftUs sub sp. 

zvmogenes produce aroma compunds in some cases several times in excess 

of the average human taste threshold (26). In addition, some Group D 

enterococci such as £. faecalis. £. faecium and £. faecium sub sp. 
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durans which are used as starters in hard cheese industry produce suf

ficiently higher levels of amines such as tyramine and histamine in the 

product to be problematic. Tyromine is suspected to be involved in the 

onset of migrain attacks and in hypersensitive reactions in patients who 

are being treated with monoamine oxidase (MAO) inhibitors (33). 

Furthermore, these organisms have been implicated in food intoxication 

(10). These considerations highlight the necessity of further investi

gations on enterococci as starters in fermented milk products. 

All four other strains of streptococci isolated from the other 

starters were similar and biochemical and physiological reactions suggest 

their relatedness to Group D nonenterococci. They were similar in seven 

of the physiological tests performed but different in three critical 

differential tests. This suggests that they may belong to a new species. 

Both Group D enterococci and nonenterococci as well as Group N strepto

cocci are presently considered lactic streptococci (21). 

The curdling of milk by Matara, Gannoruwa starter curds and pure 

cultures inoculated individually and in combination indicated a syner

gistic interaction between the two lactic acid bacteria as well as be

tween the bacteria and the yeast in the starter. As shown in Figure 4, 

the yeast grew at a rate less than that of the bacteria and reached an 

initial maximum stationary phase 9 to 12 hours after the bacteria. The 

secondary (diauxic) growth phase may have been stimulated by a more 

favorable pH as appeared to be the case for Lactobacillus (Figure 5)• 

Production of growth factors, etc. by the bacteria are also possibili

ties. From the data presented in Figure 10 and to a lesser degree in 

Figure 11 it is clear that the yeast stimulated the Lactobacillus and 



the Streptococcus. Stimulation of growth of the former was much more 

pronounced. The bacteria also stimulated both the rate as well as the 

extent of growth of the yeast (Figure 8, compared to Figure 10 and 11). 

These observations add support to the conclusion that a stimulatory 

symbiosis (28) (syntrophy/synergism) exists and is maintained between the 

yeast and the two lactic acid bacteria in Matara curd (Figure 14). It is 

necessary to conduct further studies in order to confirm the above idea. 

The two bacteria in the presence of yeast grew rapidly, produced 

higher acidity in shorter time and formed a firm curd in 10.5 hours 

(Figure 14) as compared to 12 hours in the absence of yeast (Figure 12). 

The lactic acid bacteria, mainly the fogtofrasiUttS and Streptococcus 

species have rather complex nutritional requirements. All require pre

formed amino acids, vitamins (mainly the B~vitamins), and purine and 

pyrimidine bases for their growth (21, 27). Yeast during growth release 

B-vitamins and other growth factors due to autolysis (32). Thus the 

provision of these nutrients in the growth medium may in part satisfy 

the nutrient requirement of the fastidious lactobacilli and the 

streptococci in the starter. 

Another important observation was the stimulatory interaction be

tween Lactobacillus and the Streptococcus (Figure 12) when grown in co-

culture; they formed a firm curd earlier than the Streptococcus did when 

grown alone. The final titratable acidity achieved at 24 hours when 

both were grown together was also higher than that of each individual 

when grown separately. This may indeed be due to a different synergistic 

symbiotic effect other than the one described earlier in which the yeast 

was involved. An analogous syntrophism was described by Higashi et al. 



(29, 30) in yoghurt culture. A mixture of valine, histidine, methionine, 

leucine, tryptophan, and glutamic acid produced by Lactobicillus 

bulgaricus stimulated growth of gt;reptw?ggus thermonhilus. In addition, 

the latter organism produced formic acid and pyruvic acid which stim- • 

ulated the former organism. It was also established that this nutrient 

provision stimulated more rapid acid production by both organisms. A 

similar syntrophic effect was reported between life, arabinosus and S. 

faecolis in which folic acid and phenylalanine were produced and shared 

(31). It would be interesting to carry out further investigations in 

order to examine the nature of the synergistic effect between the 

IagtofracUJla. and. the streptococci of Matara starter. 

Finally, growth pattern of each of the microbial species of Matara 

starter suggested a succession. As shown in Figure 5, the StreTrhococnns 

grew rapidly during the first six hours of incubation, pH decreased to 

5.0 and further growth was inhibited by the accumulated acidity. The 

Lactobacillus which is an aciduric bacterium then grew and the pH 

further decreased to 4.3. At this pH it gradually ceased growing and 

the acid tolerant yeast continued to grow. This type of sequential 

growth by the three different species in a closed system is a typical 

example of heterotrophic autogenic microbial succession (28). A similar 

type of microbial succession takes place in yoghurt but without yeast 

involvement (21). 

The stability of the deekiri starter depends on the antimicrobial 

activity of the processed curd since in this case the final product 

(curd) is also the starter for the next batch. The risk of contamina

tion and growth of microorganisms in curd during processing and trans



portation aa well as, possible health hazards due to these organisms is 

minimized by the antimicrobial effects of the lactic acid bacteria. 

Antimicrobial compounds produced by lactic acid bacteria in dairy prod

ucts axe, lactic acid, other organic acids, HgOg and antibiotics. These 

inhibitory substances not only prevent spoilage but also suppress growth 

of pathogens in final products (10). This has been reported for yoghurt. 

For example, a total acidity of 1.% lactic acid and a pH of 4.5 was 

bactericidal for Salfflfflglla tvphimunium. This same acidity and pH was 

observed in deekiri produced with Matara starter after 30 hours of 

incubation. The combined mode of action of acidity and acid reaction 

(pH) has been explained as follows. 

Undisassociated acids axe freely permeable to microbial cells. When 

assimilated they accumulate and dissociate intracellularly. 

Intracellular pH becomes acid and cells die (35)* Gilliland and Speck 

(10) have observed this inhibitor^- action of lactic acid on pathogens 

such as Salmonella and Staphylococcus aureus. Furthermore, it has been 

shown that lactic acid production by £. cremoris at 70°F - 80°F exerts a 

marked inhibitory effect on fisgfrerjctufl ££ll, Enterobactor aerogenes. 

Citrobactor freundii. and 2.. faecalis (36). Furthermore, acetic acid 

produced by heterolactic bacteria such as Lb. fermentum found in 

Gannoruwa starter is more inhibitory than lactic acid and has been shown 

to suppress pseudomonads, coliforras and salmonellae in dairy products 

(37). In addition to organic acids, preservative action and stabiliza

tion of starter cultures may be due to antibiotics produced by the lactic 

acid bacteria in fermented milk products. It has been shown that anti

biotics such as acidophilin and acidolin are produced by some strains of 
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Lb. acidophilus. These substances are active against a wide range of 

gram positive and gram negative bacteria (38, 39)• Deekiri produced with 

Matara starter contained I&. acidophilus. It is also of interest that 

some strains of LJj. bulgaricus produce HgOg in detectable amounts which 

can inhibit Staphylococcus &U£gns, psuedomonads, and Proteus species (10). 

Lb. bulgaricus was isolated from the Kandakaduwa starter. Thus an 

investigation to examine the production of possible antibiotic substances 

and HgOg by these starters would be of particular interest as they might 

possess a therapeutic and a preservative value respectively. 

In conclusion, four out of five deekiri samples studied contained a 

Streptococcic?, a Lactobacillus and a yeast. The data showed evidence of 

a synergistic/syntrophic symbiosis among the three microbial populations 

as well as an apparent bacterial-yeast succession. Starter curd as well 

as the microorganisms isolated from curd effectively curdled milk. The 

presence of a Group D enterococci in one starter suggests the necessity 

of further studies regarding its health effects. In addition, four other 

"Group D nonenterococci like streptococci" should be identified. The 

newly formulated selective Elliker Agar (SEA) medium could be utilized 

for similar studies or purposes in fermented dairy products. Finally, 

efficient standard starters have to be established and maintained after 

all the regionally available deekiri starters of Sri Lanka are thoroughly 

studied for their efficiency in curdling, antimicrobial activity and the 

desired hedonic value. 
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