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COMPOSITIONAL CHARACTERISTICS OF COMMERCIAL YOGHURT
BASED ON QUANTITATIVE DETERMINATION OF VIABLE LACTIC ACID
BACTERIA

Dragana Pesic-Mikulec and Gordana B. Niketi¢

Yoghurt quality is particularly difficult to standardize because of the many forms,
varieties, manufacturing methods, ingredients and consumer preferences that exist. Since
these factors will always play an important role, it is unlikely that a uniform yoghurt qua-
lity concept will ever emerge, such as has been developed for other dairy products. There
are a number of common denominators, however that have bearing on yoghurt quality.
Since a number of producers are recognized within the broad category entitled yoghurt.
This situation makes yoghurt an interesting, challenging, but also a confusing area to
work in. The present investigation was undertaken to isolate from commercial yoghurt
the strains involved in its manufacture and determine the characteristics of Streptococcus
thermophilus and Lactobacillus delbrueckii subsp.bulgaricus. This study is concerned
with the lactic acid bacteria (L.delbrueckii subsp. bulgaricus and S. thermophilus)
growth in yoghurt from involving different procedures and with the determination of the
number of lactic acid bacteria in dependence of the temperature and acidity in the
period of storage. Predominant samples of yoghurt were with 11-10"/ml lactic acid
lactococci (44.28%).
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INTRODUCTION

One of the first records of yoghurt consumption comes from the Middle East during
the times of the Conqueror Genghis Khan in the 13th century, whose armies were
sustained by this healthful food. Yoghurt and other fermented dairy products have long
been a staple in the diets of cultures of the Middle East, Asia, Russia and Eastern
European countries, such as Bulgaria. Yet, the recognition of yoghurts special health be-
nefits did not become apparent in Western Europe and North America until the 20th
century, as a result of research done by Dr. Elie Metchnikoff. Dr. Metchnikoff (12, 13) is
the first researcher who proposed fermented dairy products with beneficial properties.
Conducted research on the health benefits of lactic acid-producing bacteria and postu-
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lated that the longevity of peoples of certain cultures, such as the Bulgarians, was related
to their high consumption of yoghurt and fermented dairy products.

The benefits of yoghurt depends for ,live active cultures or ,living yoghurt cultu-
res. Yoghurt is made by fermenting milk with friendly bacteria, mainly Lactobacillus
delbrueckii subsp.bulgaricus and Streptococcus thermophilus. Yoghurt is a traditional
food and beverage in many countries and especially in Serbia. Yoghurt consumption in
Serbia has increased during the last decade. Product quality and satisfaction of consumer
expectation are discussed since they are essential for the continued successful growth of
the yoghurt market. Much emphasis is placed on yoghurt flavor, body, and texture. The
specific objectives of the study were: a) to determine the effect of cell lactis acid bacteria
L.delbrueckii subsp. bulgaricus and S. thermophilus on growth in yoghurt from a dif-
ferent producers and b) to determine the number of lactic acid bacteria of the temperature
and acidity in the period of storage (1,2). Initial counts of Lactobacillus and Strepto-
coccus in the samples of yoghurts were in the range from 8 to 1x10° /g resp. Ratio of
Lactobacillus : Streptococcus at the start of the test varied from 1:1 to 1: 2.7.

EXPERIMENTAL
Yoghurt production

Yoghurt is made by fermenting milk with friendly bacteria, in Serbia mainly with
Lactobacillus delbrueckii subsp.bulgaricus and Streptococcus thermophilus. The milk
sugar or lactose is fermented by these bacteria to lactic acid which causes the charac-
teristic curd to form. This process gives yoghurt its refreshingly tart flavor and unique
pudding like texture. The yoghurt qualities were judged to be satisfactory without defec-
tive taste. The baccilli/cocci ratio in the pre-fermented milk, unstable with free cells, was
stabilized when the strains were enterapped. The yoghurt starter cultures play an impor-
tant role during the production of yoghurt.

High cell numbers to about 5-10” C.F.U. ml" with a steady bacilli/cocci ratio were
present in the effluent milk. The starter culture for most yoghurt production is a symbio-
tic blend of Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus
in relation 50:50. Although they can grow independently, the rate of acid production is
much higher when used together than either of the two organisms grown individually.
Streptococcus thermophilus grows faster and produces both acid and carbon dioxide. The
format and carbon dioxide produced stimulates growth of lactobacilli. On the other hand,
the proteolytic activity of lactobacilli produces stimulatory peptides and amino acids for
use by streptococci. These microorganisms are ultimately responsible for the formation of
typical yoghurt flavor and texture. Yoghurt that contains live bacterial cultures may help
to live longer and may fortify immune system. The yoghurt mixture coagulates during
fermentation due to the drop in pH. The streptococci are responsible for the initial pH
drop of the yoghurt mix to approximately 5.0. The lactobacilli are responsible for a fur-
ther decrease to pH 4.0. The following fermentation products contribute to flavor:

e lactic acid

e acectaldehyde
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e acetic acid

e diacetyl

The acid also restricts the growth of food poisoning bacteria. During the yoghurt
fermentation some flavors are produced, which give yoghurt its characteristic flavor.

Cultured media for the enumeration of Streptococcus thermophilus
and Lactobacillus delbrueckii subsp. bulgaricus mixtures

Yoghurt was sampled 1 day after manufacture and the samples were taken in the mar-
ket. Samples from 2 replicate experiments were processed. There are at present several
culture media for the differential enumeration of mixtures of Streptococcus thermophilus
and Lactobacillus delbrueckii subsp.bulgaricus. The use of these media is important for
the control of the relation between these two microorganisms in the yoghurt production
starter medium, as well as in the follow-up of both populations during the production and
later ripening of yoghurt. The number of lactobacilli was determined on the MRS agar (6)
and the number of streptococci was determined on M17 agar medium after 48 h of incu-
bation was investigated, making use of the different morphologies of the colonies as a
means of different enumeration. Total bacterial count was determined by direct counting
on a microscope glass. Material for the research was 70 samples of yoghurt from 9 dif-
ferent dairy producers. The samples were from Belgrade trade market. As a laboratory
control we used the mixed cultures of L.delbrueckii subsp. bulgaricus and S.thermo-
philus. Cultures enumerated in this study were lactic acid starter cultured used for manu-
factured of yoghurt. Lactic acid bacteria were enumerated using Elliker (7, 8) and MRS
(5, 6) solid agar plates, used for the isolation lactobacilli (3, 4). Reconstituted milk pow-
der was used for the storage lactic acid bacteria in the refrigerator. Strains of lactic acid
lactococci were an aerobically transferred three times at 37°C for 48 h (BBLGas Pak
System). The species designation of isolated was confirmed by Gram stain colonial ap-
pearance. MRS agar plate was incubated at 37°C without further adjustment. Plates or
tube prepared with MRS agar were placed in plastic bags in anaerobe conditions and then
incubated. M17 agar plates were used for the detection of streptococci. Each plate was
overplayed with the same solid medium and then incubated at 30-37°C. Duplicate plates
were prepared for each medium for the required dilutions (7, 9). Plates were examined
after 48 and 72 h. To evaluate the factors that might be responsible for excessive acid
development during yoghurt storage, 9 brands of plain commercial yoghurt were pur-
chased from local retail markets and stored at 8, 12, 20°C, and analyzed weekly for 288
hours to monitor changes in acidity (°SH), total viable Lactobacillus and Streptococcus,
coliform, yeasts and moulds.

Microorganisms
Strains of Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgari-
cus isolated from commercial products were used. Commercial yoghurt samples were

used with no modifications, mixing 1 g of yoghurt in 10 ml saline solution and effective
successive dilutions from 10 to 10,
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Microorganisms: Streptococcus thermophilus and Lactobacillus delbrueckii subsp.
bulgaricus isolated from commercial yoghurt were grown at 43°C in M.R.S. and M17
agar.

Isolation and identification: The lactis acid bacteria were isolated by API system for
lactobacili and streptococi identification. The API system was incubated at 37°C for 72 h.
The various colonies formed were identified. Criteria examined included: Gram reaction,
cell morphology, catalasa reaction, growth at 50°C, acid production from lactose, sucrose,
trehalose, maltose and manitol, thermoresistence to 63°C, growth in NaCl 2%, hydrolysis
of arginine, and growth at pH 9.6.

Culture medium and growth conditions

Enumeration of microorganisms: Streptococcus thermophilus and Lactobacillus del-
brueckii subsp.bulgaricus were enumerated by surface spreading 0.1 ml samples on Elli-
ker agar medium and by direct microscopic count on the microscope slade.

RESULT AND DISCUSSION

The optimum growth temperature for Lactobacillus delbrueckii subsp. bulgaricus oc-
curred at 45°C and Streptococcus thermophilus has its optimum between 40°C and 45°C.
The optimum temperature of the mixed culture was 45°C. The growth of these cultures at
different initial pH in Elliker medium shows that the optimum pH for pure and mixed
cultures is from 6.5 to 8.0. In Table 1 the results of the chemical analyses and total bac-
terial count (on the microscope slide) in yoghurt from different producers are shown.

Table 1. Relationship between Streptococcus and Lactobacillus levels and average

acidity
Producers | Acidity ("SH) Lactobacillus Streptococcus Relation
(L) S) S/L
Q) 40.00 65 45 1:14
10 43.00 70 30 1:2.33
(I110) 41.00 73 27 1:2.7
(Iv) 39.00 55 54 1:1.2
V) 37.00 50 50 1:1
(V) 42.00 65 45 1:1.44
(VID) 38.00 50 50 1:1
(VII) 42.00 67 43 1:1.55
(IX) 40.00 71 29 1:2.44
Control 32.00 50 50 1:1
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Fig. 1. Relationship between viable count of Streptococci/ Lactobacilli in the different
commercial yoghurt samples

The results of a brief microbiological evaluation of yoghurt and of a consumer pre-
ference survey are presented also in Fig.1. Lactic acid bacteria are broadly used as a star-
ter cultures for industrial production of fermented food. The requirement of Serbian
Regulation is a minimum number od 10° viable yoghurt organisms (L.delbrueckii subsp.
bulgaricus and S. thermophilus) must be present The ratio of the yoghurt organisms is
also important in determining the quality of yoghurt. In this study we determined the ef-
fect of cell for lactic acid bacteria (L.delbrueckii subsp. bulgaricus and S. thermophilus)
on growth in yoghurt from a different procedures and made a quantitative estimation of
the number of lactic acid bacteria the temperature and acidity in the period of storage.
Material for the research were 70 samples of yoghurt from 9 different dairy producers.

The commercial samples were from the Belgrade trade market. Lactic acid bacteria
were enumerate using Elliker solid medium agar plates, MRS solid agar plates for iso-
lation of lactobacilli and M17 agar plates for the isolation of streptococci. There was a
wide range in the total number of LAB. Predominant samples of yoghurt were with 11-
10"/ml LAB (44, 28%) of examined samples.

Yoghurt taste is most satisfactory after 72 hours of storage at 8°C when acidity was
44.14° SH. Coliforms, yeasts or moulds were not detected at any time during storage.
There were consistent differences in °SH among brands with means ranging from 54.1 to
40.28 at 8°C, 63.1 to 47.74 at 12°C, 64.46 to 45.96 at 20°C indicating that it was possible
for the pH of yoghurt to remain > 8.0. All brands showed initial counts of Lactobacillus
and Streptococcus in the range 8 to 1x10°%/g resp. Ratio of Lactobacillus: Streptococcus at
the start of the test varied from 1 : 1 to 1 : 2.7. The decrease in counts of Streptococcus
and Lactobacillus in most of brand stored at 20°C. It is apparent that strain of bother
Streptococcus and Lactobacillus vary in their survival and in their ability to maintain a
higher °SH in yoghurt during storage.
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Table 2. Temperature storage of yoghurt and the number of viable lactobacilli and
streptococci at the corresponding pH

Time of | Number of viable lactobacilli and streptococci in i
Temperature . Acidity
storage (°C) storage the samples of yoghurt (in 000000) (SH)
(hours) 1-10 11-100 | 101-200 | 201-300 | 301-400
8 72 1 3 2 4 0 44.14
8 120 4 2 3 1 0 40.28
8 192 5 4 1 0 0 51.24
8 288 8 2 0 0 0 54.10
12 72 2 2 2 3 1 47.74
12 120 5 2 1 1 1 53.84
12 192 4 3 3 0 0 52.00
12 288 7 3 0 0 0 63.10
20 72 3 1 5 1 0 45.96
20 120 3 2 4 0 0 51.52
20 192 7 2 1 0 0 64.46
20 288 8 2 0 0 0 59.21

The product is resulting from milk by fermentation with a mixed starter culture con-
sisting only Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus
and these two organisms have a symbiotic relationship during the manufacture of yoghurt
with the ratio of Streptococcus thermophilus to Lactobacillus delbrueckii subsp. bulga-
ricus constantly changing. Both organisms produce lactic acid as the main fermentation
products. For a proper flavor development, the ratio of Streptococcus thermophilus to
Lactobacillus delbrueckii subsp.bulgaricus should be in the range of 1:1 to 3:1. Con-
sistency is an important attribute in evaluating the quality of yoghurt. There are numerous
factors which affect consistency including milk composition, heat treatment, homogeni-
zation, use of stabilizer, yoghurt culture, and mechanical handling of the yoghurt.

CONCLUSION

During the past two decades, there has been renewed interest in the study of the nu-
tritional and therapeutic aspects of dairy products (12, 13, 14). A majority of reviewed
papers suggested potential therapeutic benefit following the consumption of fermented
dairy products containing viable lactic acid bacteria (LAB) count and decreased coliform
count in the intestine as observed in the analysis. The beneficial effect of normal gut flora
temporarily brings yoghurt live microorganisms which have probiotics effects (3, 7).
While numerous researchers have suggested that lactic cultures and cultured dairy pro-
ducts provide several nutritional and therapeutic benefits to the consumer there exist a
few reports in which some of the benefits have been questioned. Lactic acid bacteria are
broadly used as starter cultures for industrial production of fermented food. It has been
known for many years that lactic acid bacteria may positively influence the gastroin-
testinal tract of human and other mammals. The beneficial effects include the inhibition
of undesirable microorganisms, reduction in cholesterol level and reduction of the risk of
colon cancer (10, 11, 14, 7).

92



APTEFF, 40, 1-220 (2009) UDC: 637.146.3:637.04/.05
DOI: 10.2298/APT0940087P BIBLID: 1450-7188 (2009) 40, 87-94

10.

11.
12.

13.

14.

15.

Original scientific paper

REFERENCES

American Public Health Association: Standard methods for the examination of dairy
products, 13 th ed American Public Health Association, Washington D.C., USA
(1972).

Amoroso M.J., Manca M.C. de Nadra, G. Oliver: Growth and sugars utilization by
mixed cultures of Lactobacillus delbrueckii subsp.bulgaricus and Streptococcus Sali-
varius subsp, thermophilus isolated from Argentina, World Journal of Microbiology
and Biotechnology 8 (1997) 50-54.

Bautista E.A., R.S. Dahya, M.L. Speck: Identification of compounds causing symbio-
tic growth of Streptococcus thermophilus and Lactobacillus bulgaricus in milk. Jour-
nal of Dairy Research 33 (1966) 299- 307.

Barbour Anne E., F.G. Priest: The preservation of lactobacilli: A comparison of three
methods. Letters in Applied Microbiology 2, 4 (1986) 57-95.

Clunies- Parnell E., Y. Kakuda, A.K. Smith: Microstructure of yoghurt as affected by
heat treatment of milk. Milchwissenchaft 42, 7 (1987) 413-417.

De Man, J.D., M. Rogosa, A. Sharpe.: A Medium for the Cultivation of Lactobacilli.
J. Appl. Bact. 23 (1960) 130-135.

Davis J.G., McLachlan. Yoghurt in the United Kingdom: Chemical and microbiolo-
gical analyses. Dairy Ind. 39, 5 (1974) p. 149,150, 152, 154,157,177.

Datta, N., M.G. Hayes, H.C. Deeth, A.L. Kelly: Significance of frictional heating for
effects of high pressure homogenization on milk. Journal of Dairy Research 72, 4
(2005) 1-7.

Galesloot, T.E., F. Hassing, H.A. Veringa: Symbiosis in yoghurt. Neth. Milk Dairy J.
22 (1968) 50-63.

Metchnikoff. E., The prolongation of life: Optimistic Studies. Revised Edition, Trans-
lated by Mitchell,C., Heineman Ltd.London, UK (1907).

E. Metchnikoff, Optimistic studies New York: Putman’s Sons, (1908), 161-183.

Peral M.C de Portillo, M.J. Amoroso, G. Oliver: Culture medimu for differential enu-
meration of lactic acid bacteria in yoghurt. Milchwissenchaft 43, 8 (1988) 490-491.
Sinha R.P., H'W. Modler , D.B. Emmons: Changes in acidity and starter bacteria in
commercial yoghurts during storage. Cultured Dairy Products Journal 24, 2 (1989)
12-14.

Tamime A.Y., R.K. Robinson: Yoghurt science and technology, Printed in Great Bri-
tain by Wheaton and Co.Ltd., Exeter, UK (1985) 23-210.

Boyanova L., M. Stephanova-Kondratenko, 1. Mitov: Anti-Helicobacter pylori acti-
vity of Lactobacillus delbrueckii subsp. bulgaricus strains: preliminary report Letters
in Applied Microbiology 48 (2009) 579-584.

93



APTEFF, 40, 1-220 (2009) UDC: 637.146.3:637.04/.05
DOL: 10.2298/APT0940087P BIBLID: 1450-7188 (2009) 40, 87-94
Original scientific paper

KBAHTUTATUBHO OJPEBUBAILE BAKTEPUJA MJIEUHE KUCEJIMHE
KOMEPIHHUJAJIHUX Y30PAKA JOI'YPTA

lpacana Hewuh-Muxyney u I'opoana b. Huxemuh

KBamurer jorypra je Temko craHaapaIn3oBaTh 300T BEIMKOT Opoja u BpcTa OakTepuja
MJIEYHE KHCEJHHE Y MPOIeCcy MPOU3BOAKE. 300T CBUX OBUX OCOOMHA YjeIHAYCHOCT KBa-
JMTETa jOTypTa TEIIKO ce HocTivke. McnuTiBama y OBOM pasy o0yxBaTHiIa Cy H30JIAIH-
]y, omHOC 1 Opoj OakTepuja mueune kucenune (L. delbrueckii subsp. bulgaricus u S. ther-
mophilus) Koje ce KOPHUCTE 3a IPOU3BOIBY OJpel)eHNX BapujeTeTa jorypra KapaKTepHc-
THYHHX 32 noaHebsbe Cpbuje. OxpehuBan je Opoj OGakTepyja MIEYHE KHUCEIHHE y pas-
JMYUTUM KOMEpLHUjaTHUM y30pLuMa jorypra. KBanuter y3opaka jorypra onpehusaH je y
3aBHCHOCTH OJ1 TEMIIEpaType U BpeMmeHa uyBama. Kon Beher Opoja yzopaka jorypra Ha-
heno je 11-107/mn xuBHX GakTepHja MieUHE KHCEIMHE. YKYC H apoMa jorypTa GuiH cy
3a/10B0JbaBajyhin HakoH 72 yaca mpd TeMmeparypu ckiaaumremna ox 8°C. OmHoc Gak-
Tepuja MIeYHe Kucennne Streptococcus n Lactobacillus n3nocwo je ox 1:1 mo 1: 2,7 xox
CBEXHX y30paKa jorypra, 1a OM DajbUM CKIAQIUIITEHeM Ha HETIOBOJEHUM TeMIlepaTypama
nouuto 1o nopemehaja oxHoca 10 3:1 crapTep Kyarypa jorypra.
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