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The optimal conditions for growth and storage of the lactic acid bacteria were studied. Both

sucrose (up to 3%, w/v) and skim milk (up to 12%, w/v) increased the number of lactic acid

bacteria. However, the effect of sucrose plus skim milk was not superior to that of skim milk alone.

The cell number was maximal at pH 5.0-5.5 during the growth of bacteria and at pH 4.63 during

the storage period of yogurt. The final cell number of yogurt stored for 150 days at -18 ~ -12°C was

1/3 of the initial cell number.
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Yogurt has been introduced as a safe and healthy food.

The shelf life of yogurt was strongly affected by the cell

number of lactic acid bacteria (108 lactic acid bacteria/

mL) [KFIO, 1995]. During storage and distribution, the

cell number significantly decreases due to the overproduced

lactic acid [Sun and Griffiths, 2000]. Therefore, proper

control of the yogurt production can prolong the shelf life.

Ingredient supplementation also significantly affected the

viability of the lactic acid bacteria in the yogurt [Dave

and Shah, 1998]. The total solid content of milk whey

increased the viability of the lactic acid bacteria

[Almeidaa et al., 2009]. H+-ATPase-defective mutants of

the lactic acid bacteria were also used to prolong the

viability of the lactic acid bacteria in the yogurt during

refrigeration storage [Ongol et al., 2007]. The addition of

inulin stimulated the growth of the lactic acid bacteria in

the probiotic ice cream [Akin et al., 2007]. Therefore, the

objective of the present study was to optimize the cell

number during the production and storage. The factors

used were pH, components of yogurt, and storage

conditions.

Materials and Methods

Lactic acid bacteria and yogurt fermentation. The

lactic acid bacteria used in this study, Bifidobacterium

longum subsp. longum, Lactobacillus acidophilus,

Streptococcus salivarius subsp. thermophilus, Lactobacillus

delbrueckii subsp. Bulgaricus, were purchased as a mixed

starter (ABY-2, Rhone-poulenc, Courbevoie, France).

The basic components of yogurt were milk (Seoulmilk.

Seoul, Korea) and 0.5% (w/v milk) stabilizer (SL-1366,

Rhone-poulenc). Skim milk, sucrose, and potassium

phosphate were used to examine their influences on

prolonging the viability of the lactic acid bacteria. The

mixture was homogenized and incubated at 80oC for 30

min [Babel, 1976]. After cooling down to 40oC, the

starter culture was added. The fermentation was

performed at 40oC for 4 h without shaking. After

fermentation, the yogurt was stored at 4oC. 

Frozen Yogurt. After homogenization at 4oC with the

overrun (80%, v/v), the yogurt was frozen in a −3oC

freezer. The content of the total solid was controlled at

36.5% (w/v). Aging was performed at −36oC for 1 day.

Frozen yogurt was stored in a freezer at −12~−18oC for

up to 6 months.

Bacterial cell counting. The AMC, Arroyo, Martin,

and Cotton agar medium [Payne et al., 1999] was used to

count Bifidobacterium. To attain a complete anaerobic

condition, the GasPak anaerobic system (Becton, Dickinson

*Corresponding author
Phone: +82-42-821-6730; Fax: +82-42-823-4835
E-mail: ghahn@cnu.kr 

Abbreviations: CFU, colony-forming unit

doi:10.3839/jksabc.2009.013



Increased Lactic Acid Bacteria in Yogurt and Frozen Yogurt 77

and Company, Franklin Lakes, NJ) with H2 and CO2

generator and palladium pellet catalyst was used to

remove O2, and the bacterium was grown in the GasPak

chamber. The plate count agar medium stained with brom

cresol purple showed blue color at neutral pH and yellow

color at acidic pH. The bacteria was mixed with the agar

medium at 45oC and incubated for 1 day at 37oC.

Subsequently, the number of lactic acid bacteria was

measured and expressed in CFU. All measurements were

the averages of triplicate samples.

Results and Discussion

Yogurt fermentation. Because sucrose is used to

improve the sensory quality food [Guinard et al., 1994;

Trindade et al., 2001] and as a nutrient by the lactic acid

bacteria, the effect of sucrose on the growth of the lactic

acid bacteria was observed. Addition of sucrose (<3%, w/

v) before fermentation increased the cell number by about

50%, compared to the control (Fig 1a). However, sucrose

>5% (w/v) did not accelerate the bacterial growth (Fig.

1a), but instead prolonged the fermentation period,

probably due to the osmotic pressure (data not shown).

Recently, the use of skim milk for yogurt fermentation

has increased due to its low fat content and improvement

of the yogurt quality [Mistry and Hassan, 1992; Park et

al., 2005]. Addition of the skim milk powder (12%, w/v)

resulted in a twofold increase of the lactic acid bacterial

cell number (Fig. 1b), and improved the yogurt texture

and flavor [Sodini et al., 2002]. No significant difference

in the cell numbers were observed between the whole

milk powder-based and the skim milk powder-based

yogurts (data not shown). The lactic acid bacteria were

sensitive to pH [Martin and Chou 1992]. The maximum

bacterial cell count was obtained at pH 5.0-5.5 (Fig. 1c).

The bacterial cell count decreased at pH 5.0 and under. To

measure the effect of pH during storage, the yogurt was

kept at 4°C for 7 days. After 3 days, the cell number of

lactic acid bacteria started to increase and pH started to

decrease. The Cell number of lactic acid bacteria started

to decrease at pH 4.7 (Fig. 1d). The contents of organic

acids in yogurt during the fermentation and cold storage

of yogurt continuously changed, and this affected pH of

the yogurt during storage [Fernandez-Garcia et al., 1994].

To determine the optimal conditions, a factorial design

with the combination of the above three factors was set.

The effect of sucrose on the bacterial growth was not

additive to that of skim milk. Addition of the sucrose

factor (3%, w/v) together with the skim milk factor (12%,

w/v) did not increase the cell number (Table 1), whereas

the sucrose factor alone increased the cell number of the

lactic acid bacteria. This result suggested that one of the

Fig. 1. Bacterial cell number in yogurt. (a) Effect of sucrose on bacterial cell number; (b) Effect of skim milk on
bacterial cell number; (c) pH and bacterial cell number profiles during yogurt production; (d) pH and bacterial cell number

profiles during the storage of yogurt. �, Bacterial cell number; �, pH
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factors increasing the cell count in the skim milk, was a

carbohydrate, lactose. The effect of pH (pH 5.0-5.5

versus <pH 4.7) was additive to those of sucrose and

skim milk (Table 1). Termination of the fermentation at

pH 5.0-5.5 rather than at full fermentation at <pH 4.7

inhibited the production of lactic acid, which has

detrimental effect on the viability of the bacteria. The

statistical results obtained by Yate’s algorithm [Box et al.,

1978] indicated that the important factors increasing the

cell number were the skim milk and the pH. The addition

of skim milk at 12%, compared to 6%, increased the cell

number by 0.48×109 CFU/g. In addition, at pH 5.15, the

bacterial growth increased to 0.47×109 CFU/g.

Because pH affected the growth of the bacteria,

phosphate buffer (pH 6.8) was used. The buffer slowed

the dropping of pH and increased the CFU/g from 2.21×

109 to 2.74×109 (unpublished data). However, hydrophilic

amino acids, including glutamine, glutamate, aspartate,

asparagines, and proline, acting as buffering factors, did

not increase the cell number (data not shown).

Agitation caused clotting, deteriorated the texture of the

yogurt, and delayed the growth of the lactic acid bacteria,

probably due to the oxygen produced during agitation

(unpublished data). The use of ascorbic acid to protect the

cells from the oxygen radicals slightly increased the cell

count from 2.26×109 to 2.57×109 CFU/g (unpublished

data). The high amount of inoculum also caused clotting

in yogurt, and thus the inoculums were maintained at

0.01% (w/v) of the starter culture.

Frozen yogurt. Because ice crystals negatively affect

the bacterial viability, the cell count was performed

during the frozen yogurt processing stage. The pH of the

yogurt before freezing process was 5.5. Frozen yogurt

was produced after fermentation by storing and mixing

with detergent and stabilizer, freezing in a freezer (ice

cream maker), and stabilization at −36oC for 1 day. The

cell numbers of lactic acid bacteria were measured at each

process. After fermentation the cell number was >1010

CFU and, after storing and mixing, decreased by 4-fold

(Fig. 2a).

During the freezing of yogurt, only 1/5 of the lactic acid

bacteria survived (Fig. 2a). The cell number decreased

from the initial 2.70×108 CFU/g to 1.95×108 CFU/g

during the 150 days storage in a freezer (−18~−12oC)

(Fig. 2b). At the steady temperature of −20oC, the cell

number decreased very slowly. About 10% of the cells

died after 7 weeks (data not shown). According to

Table 1. Effect of yogurt components on bacterial cell
number

Skim milk
(%)

Sucrose
(%)

pH
Bacterial cell 

number
(×109 CFU/g)

6 0 5.15 1.88±0.03

12 0 5.15 2.40±0.08

6 3 5.15 2.00±0.04

12 3 5.15 2.39±0.14

6 0 4.70 1.38±0.15

12 0 4.70 2.05±0.03

6 3 4.70 1.52±0.13

12 3 4.70 1.84±0.07

Fig. 2. Bacterial cell number in frozen yogurt. (a) Bacterial cell number during the processing of frozen yogurt; (b)
Bacterial cell number during storage of frozen yogurt at −18~−12oC; (c) Bacterial cell number by repeated freezing at −
18oC for 1 day and thawing at 30oC for 40 min
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Hekmat and McMahon [1992], when the frozen yogurt

containing 1.5×108 CFU/g of L. acidophilus and 2.5× 108

CFU/g of B. bifidum was kept for 17 weeks, the cell

numbers were 4×106 and 1×107 CFU/g, respectively.

Different microorganisms showed different resistant to

freezing [Davidson et al., 2000]. 

Since the fluctuation of temperature affected the

survival rate of the bacteria, a severe condition was

simulated. The frozen yogurt (80 g) was frozen at −18oC

for 1 day and thawed at 30oC for 40 min. The cell number

increased by up to twofold and then decreased (Fig. 2c);

during the thawing, the lactic acid bacteria probably grew,

because the raw yogurt had not been fully fermented.

This result was also supported by the decrease of pH after

repeated freezing and thawing. The pH was dropped from

5.5 to 4.9 after the second melting and to 4.5 after the

forth melting (data not shown).
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