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A B S T R A C T

The aim of the study was to develop a symbiotic cottage cheese containing Lactobacillus del-

brueckii UFV H2b20 and inulin, and to evaluate the survival of this bacterium when the

cheese was exposed to conditions simulating those found in the gastro-intestinal tract.

Throughout the entire whole shelf-life period of the cheese, the probiotic cell counts were

higher than those recommended for probiotic products containing 5% of inulin. The probi-

otic bacterium exhibited satisfactory resistance to low pH values and to high concentra-

tions of bile salts. The addition of probiotic cells and inulin generated no alterations in

the physicochemical characteristics of cheese.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Symbiotic foods relate to products that contain both probiotic

micro-organisms and prebiotic ingredients (Holzapfel& Schil-

linger, 2002). Such a mixture of components could give rise to

improvements in the health of individuals (Gibson & Rober-

froid, 1995).

Lactobacillus delbrueckii UFV H2b20 was isolated in the Uni-

versidade Federal de Viçosa (Santos, 1984), and several studies

have demonstrated its probiotic potential. It has been shown

that the strain produces organic acids, hydrogen peroxide and

other inhibitors besides exhibiting antagonistic activity to-

wards a variety of pathogenic micro-organisms (Ribeiro,

1995). Moreover, the results of a study of the capacity of bac-
er Ltd. All rights reserved

; fax: +55 31 38993378.
(A.F. de Carvalho).
terium to stimulate mononuclear phagocytic activity in germ-

free Swiss rats suggested that the strain elicited a non-spe-

cific immune response (Neumann et al., 1998).

In order to promote beneficial effects, bacteria must sur-

vive in the passage through the gastro-intestinal tract. The

low pH in the stomach, typically between 2.5 and 3.5

(Holzapfel et al., 1998), and the anti-microbial activity of

pepsin are known to be effective barriers against the

entrance of bacteria into the intestinal tract. Values of pH

between 1 and 5 are commonly employed in determining

the in vitro acid tolerance of Lactobacillus and Bifidobacterium

spp. (Charteris et al., 1998). Bile salt concentrations between

0.15% and 0.3% have been recommended as appropriate for

the selection of probiotic bacteria for human (Yang &
.
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Adams, 2004). The physicochemical properties of food also

influence the survival of probiotic bacteria in the digestive

tract. The cottage cheese shows an adequate profile to

incorporate probiotic cells and prebiotic substances. In addi-

tion, it is a healthy alternative by virtue of its low fat

content.

This work aimed to develop a symbiotic cottage cheese

containing L. delbrueckii UFV H2b20 and inulin and to deter-

mine the survival of the probiotic strain in the cheese product

under conditions that simulated those present in the gastro-

intestinal tract.
2. Materials and methods

2.1. Production of viable cells of L. delbrueckii UFV H2b20

L. delbrueckii UFV H2b20 activated two consecutive times at

37 �C for 24 h, in 10% reconstituted skimmed milk (RSM) and

milk whey, respectively. After the incubation, cells were con-

centrated in a Sorvall Instruments model RC5C centrifuge at

5000 g for 10 min at 4 �C and the pellet was re-suspended in

sterile whey.

2.2. Production of symbiotic cottage cheese

Cottage cheese was produced by a patented method

(PI0701749-9). Pasteurised skimmed milk was fermented with

mesophilic lactic bacteria RA 073 (Rhodia Food, Cranbury, NJ,

USA). After formation of the curd, the mass was cut and the

acidity determined (58–65 �D). In addition, the curd was

stewed and washed three times. The cheese curd was mixed

with dressing containing 18% fat, 4% salt and skimmed milk.

This mixture was pasteurised and cooled. The dressing was

submitted a partial fat reduction, adding 8% of the prebiotic

ingredient Beneo� inulin (Raftiline�; Orafti, Tienen, Belgium).

The probiotic culture also was mixed with dressing. After, the

dressing was added to the cheese mass. Finally, the cheese

was packed and stored at 5 �C.

2.3. Viability of L. delbrueckii UFV H2b20 during the
symbiotic cottage shelf-life

Analysis of the cheese was carried out at intervals of 5 days

throughout 20 days of storage. Dilutions of the cottage sample

homogenate were transferred using the spread plate tech-

nique onto MRS agar plates (Merck, Darmstadt, Germany)

supplemented with 30 lg mL�1 of nalidixic acid (Sigma Al-

drich, Milwaukee, WI, USA) aiming to avoid growth of other

lactic bacteria (Agostinho, 1988) and incubated under anaero-

bic conditions (48 h/37 �C). After, the CFU g�1 of the cheese

was determined using the micro drop method and the results

expressed on a Log10 scale.

2.4. Quantification of inulin in symbiotic cottage cheese

The concentrations of inulin presented in the product were

determined using an ion exchange chromatographic method

(AOAC, 1997) at the analytical laboratory of Orafti (Tienen,

Belgium).
2.5. Simulation of conditions present in the gastro-
intestinal tract

Aliquot (1 g) of the product was suspended in 9 mL of a 0.05 M

sodium phosphate buffer containing 0.1 M hydrochloric acid

in order to obtain pH values of 7.0, 3.5 or 2.5 (Tecnal pH meter

model Tec-2, Piracicaba, SP, Brazil). The mixture was incu-

bated at 37 �C for 4 h. The acid pH was chosen to represent

the stomach conditions while the pH 7.0 was selected as a

control. Cell samples were collected every 60 min by centrifu-

gation (Sorvall Instruments model RC5C centrifuge) at 6000 g

for 6 min and the pellet was re-suspended in 9 mL of sterile

0.05 M sodium phosphate buffer. The suspension was diluted

and transferred onto MRS agar plates supplemented with

30 lg mL�1 of nalidixic acid and incubated under anaerobic

conditions for 48 h at 37 �C. The micro drop method was em-

ployed to enumerate surviving colonies.

The effects of bile salts (Difco, Detroit, MI, USA) at concen-

trations of 0%, 0.5% and 1.0% (w/w) on the survival of bacteria

in symbiotic cottage cheese were determined by the same

method except by that the cell samples were monitored every

30 min during the 4 h incubation.

2.6. Physicochemical analyses of the symbiotic cottage
cheese

The pH, water activity (Aw), titratable acidity, fat, moisture,

chloride and total nitrogen were determined according to Bra-

zilian official methods (Ministério da Agricultura, Pecuária e

Abastecimento, 2006).

2.7. Sensory evaluation of symbiotic cottage-type cheese

Sensory analyses were conducted after 3 and 15 days of stor-

age with 40 individuals aiming to compare symbiotic and con-

trol cheeses. It was carried out an acceptance test using a 9-

point hedonic scale with scores was anchored between 1 (‘‘ex-

tremely disliked’’) to 9 (‘‘extremely liked’’). It was evaluated

taste, texture and global impression of the products.

2.8. Statistical analysis

The experiment was conducted in a completely randomised

factorial design with three repetitions. The results were sub-

mitted to analysis of variance (ANOVA) using SAS� 9.1 soft-

ware (SAS Institute Inc., Cary, NC, USA).

3. Results and discussion

3.1. Quantification of L. delbrueckii UFV H2b20 in
symbiotic cottage cheese

No difference (p > 0.05) in the bacterial count was observed dur-

ing storage of the symbiotic cottage cheese over 20 days at 5 �C.

The final average count of probiotic bacteria in the product was

8.20 (Log10 CFU g�1). According to various reports, the count of

probiotic cells in a foodstuff should be approximately 106 CFU g�1,

and in order to obtain a beneficial effect, a daily ingestion of

108–109 CFU for each portion is recommended. The character-

istics of the symbiotic cottage cheese described in the present



Table 1 – Viability of Lactobacillus delbrueckii UFV H2b20
in symbiotic cottage cheese that had been stored for up
to 5 days at 5 �C and exposed for 4 h to acidic conditions
or to bile salts.

Treatment Number of viable cells (Log10 CFU g�1)a

Exposure for 4 h to bile salt concentration

0% (control) 8.19A

0.5% 6.32B

1.0% 6.01B

Exposure for 4 h to buffer at pH

7.0 (control) 8.26A

3.5 8.08A

2.5 7.20B

a In each column, mean values within the same treatment group

bearing similar superscript letters are not significantly different

according to the Tukey test at 5% probability.
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Fig. 1 – The survival of Lactobacillus delbrueckii UFV H2b20 in

a symbiotic cottage cheese that had been stored for 15 days

at 5 �C and then subjected to exposure to different pH

conditions (A) and different concentrations of bile salts (B).
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study are clearly in accordance with these values. The addi-

tion of inulin had no effect on L. delbrueckii UFV H2b20 count,

since there was no significant difference in the number of

probiotic bacterium during the product shelf-life.

The present results agree with those obtained by Leite

(2005) who studied the survival of L. delbrueckii UFV H2b20 cells

in powdered and fermented milk and in ice-cream. This

author concluded that the probiotic strain maintained a viable

status, within the limits established by legislation for at least

90 days in ice-cream and powdered milk stored at �20 �C,

and for at least 45 days in fermented milk stored at 5 �C.

3.2. Quantification of inulin in symbiotic cottage cheese

The average percentage of inulin in symbiotic cottage cheese

after 20 days of storage was 5.0% (w/w), a value that was with-

in the range suggested by the manufacturers (Orafti) of the

prebiotic compound. Since it was defined an average portion

of cottage cheese as 50 g (ANVISA, 2003), the symbiotic cot-

tage cheese contained an average of 2.5 g inulin per portion,

which is in accordance with the level of at least 2 g inulin

per portion, recommended by Orafti.

3.3. Survival of L. delbrueckii UFV H2b20 under acid
conditions

Substantial differences were observed in the survival of probi-

otic bacteria in symbiotic cheese stored for 5 days at 5 �C
when exposed for 4 h to different pH values (Table 1). Whilst

the effect of exposure to pH 7.0 or 3.5 showed a negligible ef-

fect on the CFU, a significant (p < 0.05) reduction in viability

was observed after exposure to pH 2.5. The pH effect over

the L. delbrueckii UFV H2b20 was particularly significant in

cheese that had been stored for 15 days prior to assay

(Fig. 1). Thus, exposure for 4 h to a simulated gastric juice at

pH 2.5 resulted in a reduction in bacterial viability of four or-

ders of magnitude. There was, however, no interaction

(p > 0.05) between the storage period (5 and 15 days) and pH

conditions in relation to the survival of bacteria.

Agostinho (1988) studied the sensitivity of cells of L. del-

brueckii UFV H2b20 suspended at a concentration of 106

CFU mL�1 in milk with different acidity at 37 �C. A decrease
in cell count was observed following exposure to pHs in the

ranges 3.21–3.00 and 2.90–2.73 for up to 3 h. At pHs between

2.60 and 2.40, cellular viability decreased to 105 CFU mL�1

after 1 h, and after a longer period, no viable cells could be de-

tected. The greater resistance of L. delbrueckii UFV H2b20 with-

in symbiotic cottage cheese observed in the present study

might have been caused by acid adaptation of the microor-

ganism during food storage.

3.4. Survival of L. delbrueckii UFV H2b20 exposed to
different concentrations of bile salts

There was a substantial reduction in the viability of L. del-

brueckii UFV H2b20 when symbiotic cottage cheeses stored

for 5 or 15 days were exposed to 0.5% or 1.0% bile salts in com-

parison to cells that received no exposure to bile salts (Table 1,

Fig. 1). The effects of exposure to the two concentrations of bile

salts on the viability of probiotic bacteria in cheese product

that had been stored for 5 days were not different (p > 0.05) (Ta-

ble 1). In product that had been stored for 15 days, however,

there was a significant interaction (p < 0.05) between evaluated

time intervals and the concentration of bile salt to which the

cells had been exposed (Fig. 1).

It is possible that the characteristics of symbiotic cottage

cheese may promote an increase in the resistance of the probi-

otic cells or play a protective effect by decreasing the toxicity of

the bile salts. Shimakawa et al. (2003) demonstrated that inhi-

bition by bile salts of Bifidobacterium breve in fermented milk

could be partially alleviated by the addition of soy protein to

the product. It was suggested that the protein interacts with

the bile salts and decreases their anti-microbial activity.



Table 2 – Physicochemical characteristics of symbiotic cottage cheese and control cheese.

Parameter Symbiotic cheesea Control cheesea Literature valuesb

Water (%) 81.01A 79.22B 80.60

Fat (%) 1.00A 3.95B 3.90

Total nitrogen (%) 9.34A 11.13B 11.00

Chloride (%) 0.91A 0.93A 1.25

pH 4.75A 4.82A 4.71–4.85

Titratable acidity (%) 0.25A 0.25A 0.23–0.26

Water activity (Aw) 0.97A 0.97A –

a In each row, mean values bearing similar superscript letters are not significantly different according to the Tukey test at 5% probability.
b Viana et al. (2002).
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3.5. Physicochemical and microbiological analyses of
symbiotic cottage cheese and control cheese

The average values of moisture, fat, total nitrogen and chloride

content, pH, titratable acidity and water activity in symbiotic

cottage cheese and control cheese during storage at 5 �C are

shown in Table 2. The most results obtained in the present

study are similar to those reported by Viana et al. (2002) for

cottage cheese. Differences (p < 0.05) were observed only for

moisture, fat and total nitrogen content. The lower fat content

of the symbiotic cottage cheese was due to the addition of the

prebiotic substance inulin to the dressing. Inulin is utilised as

a partial substitute for fat, and may be employed in amounts

that produce a final fat content of 1/3 of that normally found

in the foodstuff. The dressing added to the symbiotic cottage

cheese contained skimmed milk (employed to dilute the prebi-

otic ingredient) explains why the symbiotic product presented

higher water content and a lower total nitrogen level com-

pared to the control cheese. The low acidity observed in cot-

tage cheese was attributable to the production process of

cottage cheese, which the curd was heated at 50 �C, causing

inactivation of the starter mesophilic culture. At the end of

the process, the curd underwent three washes that contrib-

uted to acidity reduction. According to Viana et al. (2002), an

acidity lower than 0.3% during storage is a desirable character-

istic that results in a more tasty and smooth product.

3.6. Sensory evaluation of symbiotic cottage-type cheese
and control cheese

It was observed no difference (p > 0.05) regarding taste, tex-

ture and global impression between the symbiotic cottage-

type cheese and the control cheese storage at 3 and 15 days.

The symbiotic cheese was well accepted by individuals, with

scores anchored between 6.0 and 7.0, corresponding to

‘‘slightly liked’’ and ‘‘moderately liked’’. The addition of probi-

otic bacteria and inulin provided no sensory changes in the

cottage cheese after 15 days of storage at 5 �C in comparison

to non-probiotic cheese.

4. Conclusion

The symbiotic cottage cheese exhibited levels of probiotic

cells that were higher than those recommended for beneficial

effect. Moreover, the inulin concentration in the symbiotic

cheese was sufficient to define it as a prebiotic food. Probiotic

bacteria exhibited good survival under conditions that simu-
lated the gastro-intestinal tract. The characteristics of the

symbiotic cheese probably protected to the microorganism

during exposure to low pH and high bile salt concentrations.

The symbiotic cottage cheese presents potential to be used

as a functional food.
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CFU – colony forming units.
RSM – reconstituted skimmed milk.
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Resolução – RDC 359 23rd December 2003. Regulamento Técnico
de Porções de Alimentos Embalados para Fins de Rotulagem
Nutricional.

AOAC (1997). Fructans in food products. Sec. 45.4.06A, Method
998.07. In Official methods of analysis of association of the official
analytical chemists, 16th ed., 4th rev. Gaithersburg, MD: AOAC
International.

Charteris, W. P., Kelly, P. M., Morelli, L., & Collins, J. K. (1998).
Development and application of in vitro methodology to
determine the transit tolerance of potentially probiotic
Lactobacillus and Bifidobacterium species in the upper human
gastrointestinal tract. Journal of Applied Microbiology, 84,
759–768.

Gibson, G. R., & Roberfroid, M. B. (1995). Dietary modulation of the
human colonic microbiota: Introducing the concept of
prebiotics. Journal of Nutrition, 125, 1401–1412.

Holzapfel, W. H., & Schillinger, U. (2002). Introduction to pre- and
probiotics. Food Research International, 35, 109–116.

Holzapfel, W. H., Haberer, P., Snel, J., Schillinger, U., & Huis in’t
Velt, J. H. J. (1998). Overview of gut flora and probiotics.
International Journal of Food Microbiology, 41, 85–101.

Leite, M. O. (2005). Processos para o desenvolvimento de produtos
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Nacionais Agropecuários. Brası́lia, DF, Brasil: Diário Oficial da
União, 14th December 2006.

Neumann, E., Oliveira, M. A., Cabral, C. M., Moura, L. N., Nicoli, J.
R., Vieira, E. C., Cara, D. C., Podoprigora, G. I., & Vieira, L. Q.
(1998). Monoassociation with Lactobacillus acidophilus UFV
H2b20 stimulates the immune defence mechanisms of
germfree mice. Brazilian Journal of Medical and Biological
Research, 31, 1565–1573.

Ribeiro, M. A. (1995). Aspectos da produção de peróxido de hidrogênio e
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