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Abstract

The goal of this study was to develop a symbiotic lacteous drink, evaluate its physicochemical and sensory characteristics, and
verify the viability of Lactobacillus acidophilus in the drink. The milk serum-based drink consisted of 50% milk serum containing
10% saccharose, 25% powdered milk, 15% yacon pulp, and cultures of Lactobacillus acidophilus-La 5E and Bifidobacterium
bifidum BB12. It was stored for up to 21 days under refrigeration. The milk serum-based drink was analyzed for protein, ether
extract, total dietary fiber, total frutans, carbohydrate content, color, pH, acidity, and contamination by coliforms, and Salmonella
sp. Coliforms and Salmonella sp were not detected, and L. acidophilus and B. bifidum provided satisfactory probiotic counts up
to 21 days of storage under refrigeration. Lactobacillus acidophilus resistance to gastric acids and bile salts was detected only
up to seven days of storage when evaluated in vitro. Sensory analysis and purchase viability were evaluated by consumers at
0, 7, 14, and 21 days of storage. Based on the analytical results and consumer evaluation, the drink was acceptable up to seven

days of storage.
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1 Introduction

In the last decades, the food industry has incorporated
new technologies that allow utilization of residues resulting
from food production. The cheese industry sector is a major
sector of the food industry and generates a large volume of
milk serum as the residue from cheese production. Several
studies have been carried out aiming at finding a better use
for the milk whey reducing pollution caused by its disposal,
which causes environmental problem due to its high content
of organic materials and high biological demand of oxygen
necessary for lactose deterioration (ZAVAREZE; MORAES;
SALAS-MELLADO, 2010).

Whey contains significant amounts of proteins and lactose,
which have high nutritional value (ANTUNES et al., 2007). The
use of the Milk serum to produce beverages has been studied by
several researchers such as Antunes et al. (2007) and Biirger et al.
(2011), who investigated methods to reduce the costs of its
production aiming at obtaining a product with enhanced
characteristics and chemical composition and diversified use.

Fermented drinks are among the most consumed products
in Brazil. Therefore, the use of milk serum in the production
of lacteous drinks may result in improved or new products
(ANTUNES et al,, 2007; SAAD; CRUZ; FARIA, 2011).

Another industry trend is the production of yogurt
and fermented milk drinks, which, in addition to relevant
consumers’ acceptance, have very good nutritional value and
are a potential vehicle for probiotic intake (ANTUNES et al,,
2007; HAUG; HOSTMARK; HARSTAD, 2007).

Probiotics may provide nutritional benefits, enhance
product flavor, and reduce acidification during storage (BURITT;
SAAD, 2007). Probiotic bacteria, particularly bifidobacteria
and lactobacilli, are normal inhabitants of the human intestinal
tract and are, therefore, the most used bacteria in probiotic
food production (BURITI; SAAD, 2007; BURITI et al.,
2007). The minimum daily load of cultured probiotics that is
considered therapeutic is 10%-10° CFU, which corresponds to
100 g of product. However, in order to have therapeutic merit,
microorganism concentrations of between 10° and 10’ CFU/g
must remain constant during storage (CRUZ et al., 2010).

The combination of bioactive carbohydrates and probiotic
microorganisms is currently used in the dairy industry; the
consumption of such products is increasing because consumers
are becoming more aware of the significance of health issues.
The study of products that contribute to health and well-
being of consumers is a priority worldwide (FIGUEIROA-
GONZALEZ; CRUZ-GUERRERO; QUIJANO, 2011). Yacon
is an Andean species from the Asteracea family that has been
studied in the recent decades because it is a source of bioactive
compounds that are important to human health. Its most
important components are water and carbohydrate, which are
mainly stored as fructooligosaccharides (FOS) and other free
sugars (PADILHA et al., 2009; SWANSON et al., 2002). Other
studies have demonstrated the potential use of yacon fructans
combined with probiotic cultures in the development of yogurt
(OJANSIVU; FERREIRA; IMINEN, 2011).
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Development of symbiotic fermented drink

The goal of this study was to develop a symbiotic lacteous
drink, evaluate its physicochemical and sensory characteristics,
and verify the viability of Lactobacillus acidophilus in the drink
during storage.

2 Materials and methods

2.1 Drink preparation

The fermented drink was prepared with pasteurized
homogenized milk and coagulant (Rennin) Ha-La by Christian
Hansen at the proportion of 1 ml of rennin in 5 ml of distilled
water. The raw materials used in the drink formulation were
pasteurized milk serum (50%), saccharose (10%), re-hydrated
whole milk powder (25%), and yacon pulp (15%). The
inoculants were prepared from lyophilized bacteria cultures
of the probiotic microorganisms Bifidobacterium Bb 12 and
Lactobacillus acidophilus LA-5 (Christian Hansen). The stock
culture was prepared with 1g of each culture (containing 1.0x10°
CFU g'') inoculated in 1L of pasteurized cow milk.

The milk fermentation process was performed at controlled
temperature and pH (36 °C and pH 5.0); the pH was monitored
at0, 30, 50, and 180 minutes. The drink was stored in aliquots in
screw-capped clear glass vials at 6 °C (+ 1 °C) for up to 21 days.

2.2 Physicochemical and microbiological assays

Triplicate samples were used for the evaluation of pH
and the following physicochemical parameters: acidity, by
titulometria; protein, by the Kjedahl method; ether extract,
by Soxlhet; ash, by gravimetric incineration; total dietary
fiber content, by enzymatic gravimetric method; and fructans
by enzyme determination adapted by Quemener, Thibault
and Coussement (1994, 1997) (ASSOCIATION..., 2002).
Carbohydrates were calculated by difference.

The presence of coliforms at 45 °C and Salmonella spp/25mL
was determined to evaluate the hygienic-sanitary conditions of
the process (SILVA; JUNQUEIRA; SILVEIRA, 2010).

The color of the fermented drink was evaluated on days
1,7, 14, and 21 of storage using the CIELAB system based on
three established chromatic coordinates: parameters L*, a¥,
and b* and the measurement of total color difference (AE)
(COMMISSION..., 2004).

The counts of Lactobacillus acidophilus LA-5 in 25 mL of the
drink was based on the methods described in Cardarelli et al.
(2008). The drink was dissolved in 0.1% sterile peptonated water.
Aliquots of 1 mL were transferred to Petri dishes in duplicates
with subsequent addition of MRS agar (Oxoid Ltda. Basingstoke,
United Kingdom) modified by substituting maltose for glucose
as described by the International Dairy Federation (1995). These
plates were incubated anaerobically for 48 hours at 37 °C (+1)
(CARDARELLI et al., 2008).

The counts of Bifidobacterium bifidum BB12 was determined
in 25 ml of drink dissolved in 0.1% sterile peptonated water.
Aliquots of 1 mL of this dilution were transferred to two test
tubes containing 9 mL of 0.1% sterile peptonated water solution.
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In order to determine the counts of bifidobacteria (1 mL), they
were deep seeded in agar (MRS Agar, Oxoid) supplemented
with sodium propionate (0.3% m/v) and lithium chloride (0.2%
m/v). These plates were incubated for 72 hours under anaerobic
conditions at 37 °C + 1 °C and the microorganisms were then
counted (CARDARELLI et al., 2008). The organisms were
identified in five colonies using catalase test and Gram stain.
Microorganism count was expressed in terms of CFU/mL.

The Lactobacillus acidophilus resistance to gastric and
enteric fluids was evaluated according to Liserre, Ré and Frango
(2007). Total assay time was 6 hours. The aliquots containing the
simulated gastric and enteric juices were evaluated at 30 minutes,
2,4, and 6 hours from the beginning of the in vitro assay. Each
assay was performed in duplicate. One mL of these aliquots
was plated on modified MRS agar and incubated in a Gaspak
jar (Anaerogen Anaerobiosis System, Oxoid) for Lactobacillus
acidophilus viability counts after 48 hours of incubation at 37 °C
(+1). The results were expressed as CFU/mL.

2.3 Sensory analysis

The acceptance tests were performed using a 9-point
hedonic scale anchored with: 1 = dislike extremely, 5 = neither
like nor dislike, and 9 = like extremely (INTERNATIONAL...,
1995); and purchase intention was anchored with 1 = buy,
2 = would not buy, 3 = maybe would buy. Both tests were
performed at 0, 7, 14, and 21 days of storage.

These tests were approved by the CEP/CCS/UFPE
(#574/2011 - registry of SISNEP FR-421831 - CAAE -
0170.0.172.000-11), and a written consent was signed by all
participants.

Each test at each different time of analysis was performed
with 50 untrained tasters, 12.6% male and 87.4% female and
average age of 22 (for females) and 21 years old (for males),
recruited randomly from inside and outside of the Federal
University of Pernambuco (Brazil).

The selection criterion was the nonexistence of allergic
reactions to milk and regular consumption of dairy products,
especially yoghurt and fermented milks. The samples (50 ml)
were served at refrigeration temperature in clear plastic cups.
All sensory analyses were carried out in individual booths with
controlled temperature (20 °C) under incandescent lighting.

2.4 Statistic analysis

The data were analyzed by ANOVA and the Duncan test
at the 5% significance level using the Statistic for Windows 6.0
software for comparison between the means (STATSOFT, 2004).

3 Results and discussion

3.1 Physicochemical assays

The protein values identified in the fermented drink
(Table 1) were within the acceptable range established by
the Brazilian legislation, 1.7 g/100 g of protein of milk origin
(BRASIL, 2005). The lipid content of the drink was 0.5 g/100 mL,
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and therefore it was considered as skimmed milk according to
the Brazilian legislation (BRASIL, 2000), which establishes a
maximum fat content of 0.5 g/100 g for products of this category.
The ash content was less than 1%, similar to the values found
by Thamer and Penna (2006).

In the last decades, fructans have been added to processed
foods through ingredients such as the extensively studied
yacon, which has high concentration of this carbohydrate
(OJANSIVU; FERREIRA; IMINEN, 2011). The ripening stage
of yacon affects the characteristics of the fructans content; high
molecular weight carbohydrates are hydrolyzed into smaller
molecules before becoming an energy source for the respiration
and transpiration processes (GRAEFE et al., 2004). The fructan
content was 68.57% of the total dietary fiber, demonstrating
the potential of yacon for the development of new functional
products. The alleged health promotion according to the
Brazilian legislation (BRASIL, 1999) is of 1.5 g/portion of fiber
of per serving of the product.

Therefore, the total dietary fiber content in the fermented
drink evaluated was lower than the recommended level. Thus,
the fiber present in this product may contribute to positive
effects on the consumer’s health considering the induced
changes in intestinal microbiota and systemic effects on the
host’s intestinal lumen (SAAD; CRUZ; FARIA, 2011).

The post-acidification during the first seven days of storage
was slightly more intense when compared to that of day 21
(Table 2). This finding may be explained by the consumption of
lactose resulting in lactic acid production due to lactic bacteria
high metabolic activity at pH 5.0 and temperature between 0 and
5°C (KEMPKA etal., 2008). Kempka et al. (2008) analyzed the
physicochemical characteristics of a fermented milk drink and
observed similar behavior when the pH dropped during storage

Table 1. Centesimal composition and caloric value of the symbiotic
fermented drink.

Assays Values
Humidity(g/100ml) 82.03+0.02
Proteins (g/100ml) 1.86+0.01

Lipids (g/100ml) 0.50+0.01

Fixed mineral residue (g/100ml) 0.84+0.00
Total dietary fiber (g/100ml) 0.35+0.02
Total frutans (g/100ml) 0.24+0.03
Carbohydrates (g/100ml) 14.42+0.00
Caloric value (Kcal/100ml) 69.62+0.00

of22 days under refrigeration. It was observed that the maximum
variation in pH values was 0.34 on day 21 of storage. This
variation was affected by the combinations of microorganisms
because the association between Bifidobacterium spp. and
S.thermophilus led to lower acetic acid production by probiotic
bacteria (FIORENTINI et al., 2011). The lactic acid contents
varied during the 21 days of storage increasing over time and
during the leavening process. This variation (Table 2) may have
occurred as a result of lactic bacteria growth during storage
(OLIVEIRA et al., 2006).

The total soluble solid content (Table 2) did not vary in
the drink during storage thereby demonstrating homogeneity
during all preparation steps, which is the ideal condition for
maintaining final product quality. Saad, Cruz and Faria (2011)
observed that changes in soluble solids might be related to the
package type and advised that the industry should perform
migration tests on packages considering that changes may be
detected in the product.

The chromaticity coordinates L*, a*, and b* were influenced
by the storage time; the coordinate and negative values of a* at
time 0 and 21 significantly differed from the values at time 7
and 14. The b* coordinate showed values that were significantly
higher in the first days of storage (Table 3).

Drink color is associated with the presence of pigments
in the raw material (yacon) and is therefore, susceptible to
seasonal variations. The fermented beverage showed a slightly
yellow color with positive values that corroborate the value
of coordinate b* observed by the CIELAB system L*, a*, and
b* (Table 3). The color parameters showed more pronounced
modifications on the surface at day 14; the L* and b* parameters
showed statistically significant differences (p<0.05). The highest
total difference in color (AE) was observed at day 14, mainly
due to the L value of the sample at this stage of storage. The b*
value was the most variable in all treatments.

Exposure to light may affect the color of a product through
enzymatic browning because of the presence of phenolic
compounds such as chlorogenic acid and the amino acid
L-tryptophan (present in yacon). Thus, since the drink evaluated
was stored in clear glass containers, it could be susceptible
to turn dark due to peroxidase (POD) and polyfenoloxidase
(PPO) enzymes (PADILHA et al., 2009). Other factors during
processing conditions such as the association of microorganisms,
product formulation, storage time, and pH variation can also
affect the color of fermented dairy foods (McCOMAS JUNIOR;
GILLILAND, 2003).

Table 2. Physicochemical stability of the symbiotic fermented drink, stored at 6 °C.

Time (days)
Parameters
0 7 14 21
pH 4.73+0.02° 4.51+0.02° 4.44+0.01¢ 4.39+0.01¢
Lactic acid (g/100ml) 0.24+0.01¢ 0.36+0.01° 0.38+0.01* 0.40+0.01?
Soluble solids totals (g/100ml) 14.0+0.0° 14.0+0.0° 14.0+0.0° 14.0+0.0*

Same letters on the same rows indicate statistically similar values (p<0.05) by the Duncan test.
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3.2 Microbiological assays

The symbiotic fermented drink samples did not contain
Salmonella ssp. and coliform bacteria thus ensuring the
hygienic-sanitary safety of the products produced.

The counts of probiotic bacteria are shown in Table 4. The
optimum condition for the growth of these bacteria occurs at
a specific pH range and depends on the species.

Silva, Junqueira and Silveira (2010) observed lower values of
lacteous cultures when the total count of viable microorganisms
was not performed on individual species.

Lactobacilli developed well at the pH conditions of the
drink because they are acidophiles, they usually grow at pH
between 5.5 and 6.2; however, they can grow at pH below
5.0 (OLIVEIRA et al.,, 2006). In addition, some strains of
Lactobacillus acidophilus use amino acids and peptides from
milk serum, increasing their survival (BURITI et al., 2007;
LISERRE; RE; FRANGO, 2007; SHAH, 2001).

The bifidobacteria are more sensitive to acid pH, and their
ideal substrate are fructooligosaccharides-FOS (THAMER;
PENNA, 2005; MENDANHAM et al., 2009).

At 14 days of storage (Table 4), the number of bacteria
decreased, mainly the bifids since they are strictly anaerobic and
more sensitive to the lactic acid produced by the fermentation
process. A similar result was reported by Fiorentini etal. (2011).
The recovery of bifidobacteria at day 21 may have resulted from
using fructooligosaccharides (FOS) as a nutritional source
during the storage period.

According to Cruz et al. (2010), the ideal count of probiotics
recommended for fermented dairy beverages is between 10°and
107 viable cells/mL. The current Brazilian legislation (BRASIL,
1999) recommends 10° CFU/portion (120 mL of the drink).

The final counts of viable cells in the fermented drink
were within the recommended limits for this product after 21
days of storage at refrigeration temperatures. Therefore, the

combination of yacon with probiotic cultures in the formulation
of dairy products is promising. Current studies have focused
on the protection and viability of probiotic cultures during
production, storage, and the passage of the product through
the gastrointestinal tract. Those studies demonstrate that these
cultures can be significantly protected by milk proteins, prebiotic
carbohydrates, and microencapsulation using chitosan and
sodium alginate, among others (MENDANHAM et al., 2009).

Grosso and Favaro-Trindade (2004) observed good viability
of L. acidophilus in milk and acidified milk; these results are
similar to those found in the present study at 7 days of storage
(Table 4). A similar study was conducted by Buriti and Saad
(2007) combining L. acidophilus and the inulin fructan in guava
mousse, and they also observed survival of the probiotics up to
the first week of storage.

The current Brazilian legislation (BRASIL, 1999) establishes
that the minimum viable amount of probiotics must be in the
range of 10° and 10° CFU/portion. Nevertheless, lower values
can be accepted if resistance to gastric acidity and bile salts
is proven. According to Cruz et al. (2010), a product with a
probiotic count of 10° CFU/g can maintain its properties with
values in the range 10* and 10° CFU after tests for resistance to
gastric digestion.

Some factors, such as permeability of the package, oxygen
level in the products during refrigerated storage, and sensitivity
to substances produced by the bacteria can cause loss of viability
in probiotic microorganisms in dairy products (OJANSIVU;
FERREIRA; IMINEN, 2011; SHAH, 2001). Maintenance of
viability of the probiotic bacteria during storage represents
a significant technological challenge since fermented foods
have a low pH value, and therefore have shorter shelf life.
Storage temperature influences the survival of probiotics, as
demonstrated by Conrad et al. (2000), who reported that frozen
storage stabilizes the microorganisms compared to refrigerated
storage. Buriti and Saad (2007) corroborated this finding in
symbiotic mousses stored at freezer temperatures.

Table 3. Colorimetric analyses in the symbiotic fermented drink stored at 6 °C.

Coordinates Time (days)
0 7 14 21
L 88.27+0.32° 89.32+0.1° 74.75+0.35¢ 81.26+0.92°
a* -4.45+0.07° -4.22+0.04¢ -4.13+0.03¢ -4.63+0.07*
b* 13.55+0.07* 12.27+0.95* 7.2640.15¢ 9.22+0.11°
AE* - 1.67 14.91 8.24
Same letters on the same rows indicate statistically similar values (p<0.05) by the Duncan test.
Table 4. Growth of Lactobacillus acidophilus and Bifidobacteria bifidum in the symbiotic fermented drink stored at 6 °C.
. . Time (days)
Microorganisms
0 7 14 21
Lactobacillus acidophilus (CFU/mL) 1.6x10° 2.1x10° 0.2x107 2.36x10°
Bifidobacterium bifidum (CFU/mL) 2.0x10° 4.2x10° NI* 2.64x10°

(*) Non-identfied.
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According to Saad, Cruz and Faria (2011), lactobacilli
can resist to acid, which is attributed to the constant presence
of a gradient between the extracellular and cytoplasmic pHs.
However, when the cytoplasmic pH reaches its limit, the cellular
functions are inhibited and the cell dies. The drink’s pH varied
from 4.51 to 4.39 (Table 2) after the 7™ day of storage, which
might have contributed to reducing the viability of L. acidophilus
(Table 5). Moreover, after 30 minutes of the in vitro digestion
process, a decrease in the survival of probiotic of 10° CFU/ml
at all days of storage was observed.

This result can be attributed to the gastric step in the
methodology used, which is vital to ensure the viability of the
microorganism until the end of the assay.

5.02b 4.97b

Hedonic Scale
o =3 N w B w [} ~N [+ ()

0 Days 7 Days 14 Days

Storage

21 Days

Figure 1. The acceptance of the symbiotic fermented drink, stored at
6 °C. Same letters on different days indicate statistically similar values
(p<0.05) by the Duncan test.

3.3 Sensory analysis and purchase intention

The sensory analysis indicated that time of storage and pH
during the refrigerated storage caused significant changes in
acceptability. The average scores attributed using the 9-point
hedonic were ‘like slightly’ and ‘dislike slightly’ (4.97 and 5.95)
(Figure 1).

The acidification of the drink resulted in higher acceptability
at 21 days of storage with 65.9% of the responses positioned
between ‘neither like nor dislike’ and ‘like slightly’ According
to Thamer and Penna (2005), acid production defines the
quality characteristics and shelf life of the product; a probiotic
fermented food should reach up to pH 4.6, which is close to
that obtained in this study, to ensure light flavor and avoid
adverse effects of low pH on probiotic bacteria. Furthermore,
acidophilus products are appreciated by a limited group of
consumers, which could have contributed to the acceptability
of the studied drink (Figure 2).

The purchase intention answer “maybe would buy” had
the highest percentage in all steps of the evaluation (Figure 2).
The percentage of “would buy” answers increased at days 14
and 21; sensory evaluation demonstrated a higher acceptance
of the drink at day 21 of storage.

Studies on consumer’s attitudes toward probiotic products
indicate the growing interest in the consumption of functional
foods that benefit health (VIANA et al., 2008). However, there is
a consensus on the lack of knowledge about the functionality and
benefits of these foods in the population, regardless of gender,
age, and educational and economical background (VIANA et al,
2008; CRUZ et al., 2011).

100%
80%
2
2 ®WOULD NOTBUY
£ 60%
b3
@ mBUY
S 40%
&
— = MAYBE WOULD
° BUY
0%
Odays
14 days
Storage 21days
Figur 2. Purchase intention of the symbiotic fermented drink stored at 6 °C.
Table 5. In vitro viability of L. acidophilus (CFU/mL) in the symbiotic fermented drink stored at 6 °C.
Time (days
Digestion time (days)
0 14 21
30 minutes 9.0x10° 1.47x10* 2.8x10% 1.5x10°
1 hour 3.2x10% 3.0x10* 2.0x10? NI*
2 hours 4.4x10° 2.5%10? 1.1x10? NI*
4 hours 1.7x10° 1.0x10° 0.4x10° NI
6 hours 4.5x10° 1.0x10¢ 1.3x10? NI*

(*) Non-identfied.
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4 Conclusions

The results of this study demonstrated that the symbiotic
drink was characterized as a skimmed fermented dairy drink,
according to the Brazilian legislation.

The presence of fructooligosaccharides (FOS) from yacon,
L. acidophilus LA-5 and B.bifidum BB-12 in the drink resulted
in satisfactory counts of probiotics up to 21 days of storage,
period of time when it obtained the best responses in the sensory
evaluation. However, the Lactobacillus acidophilus levels of
resistance to gastric acids and bile salts were satisfactory only
after to the 7 day of storage.

The consumers’ scores regarding purchase intention
were positive, suggest and encourage future production and
commercialization of this product as long as the probiotic resists
to the gastric conditions during all storage period.
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