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Analysis of Volatile Compounds in Probiotic
Yogurt During Storage Through Solid-Phase
Microextraction Gas Chromatography

ABSTRACT

Two different yogurts, control and probiotic with Bifidobacterium BB-12 were produced and
analyzed for their contents of total solids, proteins, pH, counts of probiotic bacteria, and
volatile composition during refrigerated storage for 28 days. The response surface
methodology (RSM) was used to optimize the extraction of volatile compounds from the
probiotic yogurt containing through HS-SPME combined with gas chromatography—mass
spectrometry (GC-MS). Post-acidification and decrease in protein content were noted in
both yogurts during storage. The results showed that the extraction temperature and the
addition of salt were statistically the most influential factors for the extraction of higher
amounts of volatile compounds. The volatile compounds detected in the probiotic yogurt
were 2-butanone, 2,3-butanedione, 2,3-pentanodione, acetone and hexanoic acid. During
the 28 days of storage, the only differences noted were between the amounts of 2,3-
butanedione, 2,3-pentanodione and hexanoic acid.

Keywords: Probiotic yogurt, volatile compounds, Bifidobacterium BB-12, solid-phase
microextraction, GC-MS, response surface methodology

1. INTRODUCTION

Yogurt is a very popular fermented milk product, widely consumed all over the world. The
production of high-quality yogurt requires control of several factors such as the chemical
composition of milk base, type of milk, processing conditions and types of starter culture
used to produce aroma compounds during incubation period for the manufacture of yogurt
[1]. One possible method of enhancing those properties further is by creating yogurt that
contains probiotics. Probiotics are live microorganisms which when administered in
adequate amounts confer health benefits [2] by improving microbial balance in the host’s gut
flora and defenses against pathogenic microorganisms. The species which are most
frequently used as probiotics belong to the genera Lactobacillus and Bifidobacterium [3].
Bifidobacterium BB-12® is a probiotic microorganism that is widely consumed in the form of
probiotic yogurt. Probiotic yogurt containing this microorganism is reported to have beneficial
effects on metabolism preventing gastrointestinal illness [4]. However, it is crucial that the
viable counts of probiotic bacteria not decreased below to 6 log CFU/ml throughout the
product’s shelf life. Thus, they are in sufficient numbers in order to exert the desired
therapeutic effects [3].

One of the basic parameters through which starter cultures for yogurts are characterized is
their ability to produce volatile compounds. The aroma and flavor of yogurt and dairy
products occur basically because of the production of non-volatile and volatile acids and
carbonyl compounds [5]. Carbonyl compounds and free fatty acids in yogurt are influenced
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by the type of starter culture, type and quality of raw milk, incubation, cooling and storage
[6]. Even though Streptococcus thermophilus and Lactobacillus bulgaricus are lactic acid
bacteria used for yogurt production, variations in the strains affect the synthesis of carbonyl
compounds [5].

Volatile compounds are generally present in trace amounts and require analysis through gas
chromatography (GC) coupled to mass spectrometry (MS), with a prior step involving the
extraction and pre-concentration of the volatile fraction. This analysis has been a challenge
to many researches. Chen [7] reported that different techniques have been applied for the
extraction and concentration of the volatile flavor compounds in yogurt and other cultured
dairy products. However, many different methods are time-consuming, expensive and likely
to introduce artifact resulting from sample preparation and solvent interaction steps. The
solid-phase microextraction (SPME) method has become the method of choice for aroma
analysis, allowing solvent-free, rapid sampling with low cost and ease of operation [8]. In
addition, it is sensitive, selective and also compatible with low detection limits [7].
Considering that SPME is a technique based on physicochemical processes of equilibrium
between the matrix and the headspace, and between the headspace and the material
coating the fiber, the success of its use depends on factors such as the chemical nature of
the compounds to be extracted, the temperature used during extraction and the extraction
time to the headspace [8]. However, due their advantages, SPME has been widely used in
the extraction volatile and semi-volatile compounds from biological, environmental, food and
drink samples [7]. By using headspace (HS) SPME, it is possible to reduce matrix effects
and any other interferences present in the liquid sample. On other hand, equilibrium is
reached faster through HS-SPME than through direct immersion (DI) SPME as there is no
liquid to stop diffusion of the analytes onto the coating [9].

In relation to dairy products, the SPME technique has been used to determine the shelf life
of yogurt and of fresh cheese [10], to provide a quantitative analysis of thermally derived off-
flavour compounds of milk [11], and to assess the impact of processing and/or storage on
the stability of the flavor of whey powders [12]. Therefore, the aim of this work was to
optimize the extraction of volatile compounds of probiotic yogurt by using the response
surface methodology (RSM) based on HS-SPME combined with gas chromatography—-mass
spectrometric (GC-MS) in order to extract, identify and quantitatively monitor the
concentration of selected volatile compounds of the probiotic yogurt during refrigerated
storage for 28 days.

2. MATERIAL AND METHODS
2.1 Material

Commercial pasteurized milk (3 g fat/100 ml), thermophilic culture (YCX-11®, Chr. Hansen,
Honsholm, Denmark) containing Streptococcus thermophilus and Lactobacillus bulgaricus,
and probiotic culture composed of Bifidobacterium BB-12 (BB-12®, Chr. Hansen, Honsholm,
Denmark) were used for sample preparation. MRS agar (Merck, Darmstadt, Germany),
lithium chloride (Vetec, Rio de Janeiro, Brazil), sodium propionate (Vetec, Rio de Janeiro,
Brazil) and AnaeroGen® (Oxoid, Hampshire, UK) were used for the microbiological analysis.
Acetone (2-propanone), diacetyl (2,3-butanedione), 2,3-pentanodione, 2-butanone and
hexanoic acid were purchased from Sigma Chemical Co. (St. Louis, MO, USA). All the
reagents were either of analytical grade or chromatographic.

2.2 Manufacture of yogurts
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Two yogurts, one denoted as control and the other as probiotic, were manufactured
according to the procedures of Almeida et al. [13], with modifications. Aliquots of the milk (1
I) were heated to 42 + 1 °C and inoculated with thermophilic culture, while in the probiotic
yogurt Bifidobacterium BB-12 was also added. The cultures were used in the following
concentrations, 0.0032 g/100 ml and 0.0200 g/100 ml, respectively. Both yogurts were
incubated at 42 + 1 °C until pH 4.6 was reached. After fermentation, the yogurts were cooled
to 4 + 1 °C, gently stirred, put into plastic pots sealed with aluminum and then stored in
refrigeration (4 £ 1 °C) until analyses were done. All analyses were performed on days 1, 14,
and 28 of storage.

2.3 Microbiological analysis

The viability of Bifidobacterium BB-12 in the probiotic yogurt was evaluated. For the
enumeration of probiotic culture, the MRS Agar modified with addition of 0.2 g/100 ml of
lithium chloride and 0.3 g/100 ml of sodium propionate (LP-MRS) were used as proposed by
Vinderola and Reinheimer [14]. The plates were incubated in anaerobic jars containing
AnaeroGen® at 37 + 1 °C for 72 h. After this incubation period, the count of viable probiotic
cells was carried out, expressed as log of colony-forming units per milliliter (log CFU/mI).
The analyses were carried out in triplicate.

2.4 Physicochemical analysis

The yogurts (control and probiotic) were investigated for total solids by drying to constant
weight at 85 °C and for protein content through the Kjeldahl method (N x 6.38) [15]. The pH
values were determined with a pH meter (Quimis, model Q-400A, Brazil) through the
potentiometric method. All the analyses were carried out in triplicate.

2.5 Analysis of volatile compounds by gas chromatography-mass
spectrometry

2.5.1 Optimization of headspace solid phase microextraction (HS-SPME) parameters
The volatile compounds of the samples were extracted through the headspace method. A
randomized 23 central composite design (CCD) along with response surface methodology
(RSM) was used to study extraction temperature (40 to 60 °C), extraction time (30 to 50 min)
and the effects of ionic strength through addition NaCl (0 to 6 g) on the amount of volatile
compounds adsorbed by SPME fiber from the probiotic yogurt. The experimental design was
composed of seventeen combinations of the independent variables; eight factorial points
(levels -1 and 1), six axial points (level -1.682 and 1.682) and three repetitions in the central
point, as shown in Table 1. Due to systematic errors, all the experiments were carried out at
random in order to minimize the effect of unexplained variability on the responses obtained.
The response evaluated during all the experiments was the total sum of the peak areas,
obtained in the GC-MS analysis. SPME was performed with a commercially available fiber
housed in its manual holder (Supelco, Bellefonte, PA, USA). All extractions were carried out
using a DVB/CAR/PDMS (divinylbenzene/ carboxen/ polydimethylsiloxane) fiber, 50/30 um
film thickness (Supelco, Bellefonte, PA, USA). Prior to use, the fiber was conditioned at 270
°C for 1 hr. Twenty gram sample amount was put into 40 mL glass vials with a valve cap
(Supelco, Bellefonte, PA, USA). During the extraction, the samples were stirred continuously
with a magnetic stir bar on a stir plate spinning at 750 rpm. The fiber was carefully put in the
same place for each exposure for the headspace to obtain maximal repeatability. After
sampling, the SPME fiber was introduced into the GC-MS injector and kept in the splitless
mode and maintained at 270 °C for 10 min for thermal desorption of the analytes. Each
sample was analyzed in triplicate, using a fresh vial and aliquot for each replicate.
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Table 1: Central composite design (CCD) with the independent variables and their
levels used for the experimental designa.

Levels
Tests Extraction Extraction Salt concentration
temperature (°C) time (min) (g NaCl)
1 -1 (40) -1 (30) -1 (0)
2 1 (60) -1 (30) -1 (0)
3 -1 (40) 1 (50) -1 (0)
4 1 (60) 1 (50) -1 (0)
5 -1 (40) -1 (30) 1(6)
6 1 (60) -1 (30) 1(6)
7 -1 (40) 1 (50) 1(6)
8 1 (60) 1 (50) 1(6)
9 -1.68° (38.32) 0 (40) 0(3)
10 1.68"° (61.68) 0 (40) 0(3)
11 0 (50) -1.68"° (28.32) 0 (3)
12 0 (50) 1.68"° (51.68) 0 (3)
13 0 (50) 0 (40) -1.68" (1.68)
14 0 (50) 0 (40) 1.68° (7.68)
15 0 (50) 0 (40) 0(3)
16 0 (50) 0 (40) 0(3)
17 0 (50) 0 (40) 0(3)

®Factors coded (in bracket) and reals levels used in the full experimental design for extraction of
volatile compounds.
®q = + 1.68 for three independent variables.

2.5.2 GC-MS analysis

A Shimadzu GC-2010 gas chromatography coupled to a mass spectrometer was used to
analyze the components in the headspace of the samples. Helium (99.999 %) was used as
carrier gas. The capillary column used was Rix-5MS (30 m x 0.25 mm i.d. x 0.25 pym df)
(Restec, USA). Column temperature was held at 40 °C for 1 min and increased to 120 °C at
a rate of 4 °C/min, and finally to 280 °C at a rate of 15 °C/min. The temperature of the
injector was 270 °C and the time of desorption of the fiber into the injection port was 10 min.
The temperature of the detector was 250 °C. Electron impact mass spectra were recorded at
a voltage of 70 eV over the 40-400 m/z mass range.

2.5.3 Component identification

Volatile compounds predominant were identified by comparing their experimental spectra
with those of NIST'98 [16], and by comparison of their retention times with authentic
standards.

2.5.4 Quantitative analysis

Acetone (2-propanone), diacetyl (2,3-butanedione), 2,3-pentanodione, 2-butanone and
hexanoic acid were quantified. Each quantified peak was required to have a minimum signal-
to-noise ratio (S/N) of 5. Quantitative results were obtained by using the method of standard
addition. Standard solutions were added to multiple aliquots of a sample of yogurt. The
sample without standard solutions was also analyzed. The samples were extracted and
analyzed through HS-SPME/GC-MS, as previously described. The compounds were
quantified based on a calibration curve that was generated by plotting the detected response
versus the amount spiked from each standard. Each sample measurement was repeated
three times.
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2.6 Statistical analysis

The regression coefficients for linear quadratic and interaction terms were determined by
using multiple linear regression (MLR). A Student’s t-test was used to verify the statistical
significance of the regression coefficients derived from the model. From manufacture of
yogurts, three experimental trials were carried out in independent days and three replicates
were analyzed each time. The analysis of variance (ANOVA) was applied to validate the
model and to determine significant differences between the samples of the yogurts in all the
parameters investigated. The regression coefficients were then used to generate response
surfaces. All the calculations and graphics of the experimental design were performed by
using the STATISTICA 13.3 software (TIBCO Software Inc., Palo Alto, CA). A difference was
considered statistically significant when P < 0.05.

3. RESULTS AND DISCUSSION

3.1 Microbiological analysis

In relation to the cell viability of Bifidobacterium BB-12, the yogurt was considered probiotic
as there was no decrease in viable cell count between the 1st and the 28th day of
refrigerated storage (Table 2). Tripathi and Giri [3] stated that the recommended count of
viable probiotic cells for a probiotic food should be equal to or greater than 6 log CFU/ml
during storage and the best way to administer probiotics is by regular ingestion, which
confers the presence of these microorganisms in high numbers in the intestine, either
maintaining or improving intestinal microbial balance. Similar results on the survival of
Bifidobacterium were found by Saarela et al. [17], who evaluated the cell stability of B.
animalis subsp. lactis in skim milk and in fruit juices and observed that the cells were stable
in milk for only two weeks, whereas the same stability was not noted in the juices. Cunha et
al. [18] evaluated the stability of bifidobacteria in fermented lactic beverage added with whey
and also noted the stability of probiotic bacteria during storage of their products.

3.2 Physicochemical analysis

Mean values for total solids, protein and pH of both types of yogurt are shown in Table 2.
When compared to the samples on the same days of storage no differences (P < 0.05) were
noted in total solids content, indicating that there were no changes due to processing. These
results were lower than those obtained by Cunha et al. [18] with fermented milk made with
no addition of whey.

In both yogurts, the values for protein decreased during the storage period (P < 0.05).
Similar protein values were obtained by Thamer and Penna [19] in probiotic milk added with
whey. According to Donkor et al. [20] both the probiotic bacteria and the bacteria used in
yogurt production need peptides and amino acids for their growth. The primary enzymes of
lactic bacteria, which are responsible for proteolysis of milk proteins, offer an increase of
amino acid and nitrogen necessary for the fermentative bacteria, causing a decrease in
protein content.

The pH values were similar to those found in probiotic yogurt containing bifidobacteria by
Kempka et al. [21]. Lankaputhra and Shah [22] reported that the pH range between 4.0 and
5.0 is ideal for maintaining the viability of probiotics. During storage, post-acidification of the
yogurts was observed; however, their pH still remained within the recommended ranges.
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Kailasapathy [23] stated that, when at refrigeration temperatures between 0 and 5 °C, the
maintenance of B-galactosidase activity is responsible for post-acidification of fermented milk
and also that refrigeration temperature and storage time of fermented milk would account for
the variation in pH.

Table 2: Viable Bifidobacterium BB-12 counts, total solids, protein and pH of yogurts,
on day 1, 14 and 28 of storage at 5+ 1 °C.

Yogurts Days Viable counts TS (g/100q) Protein® pH
(log CFU/mlI) (9/100g)
1 - 11.28%7+0.02 276%7+0.33 4.75%7+0.01
Control 14 - 11.23*°+0.04 27277+0.01 4.74"%+0.00
28 - 11.33%7+0.05 258"°+0.00 4.62"*°+0.00
1 7.9 11.26*7+0.02 2.73%7+0.00 4.62°7+0.00
Probiotic 14 7.8 11.14*°+0.05 265%°+0.01 4.61°°+0.00
28 7.8 11.20%°+0.01 267°°+0.03 4.39°°+0.01

AB Within a column, different superscript uppercase letters denote significant differences (P < 0.05)
amongst control and probiotic yogurts for the same periods of storage.

@ Within a column, different superscript lowercase letters denote significant differences (P < 0.05)
among the different periods of storage for each studied yogurt.

9 TS= Total Solids.

®Proteins = Total nitrogen x 6.38.

3.3 Analysis of volatile compounds by gas chromatography-mass
spectrometry

3.3.1 Optimization of HS-SPME parameters

Table 3 shows the effects observed on the studied factors in the response of the volatile
compounds extracted from the probiotic yogurt besides those caused by the interactions
among such factors. The t-test for the model was significant (P < 0.05) for the quadratic
coefficient of extraction temperature and addition of salt (NaCl) and for interaction between
extraction time and addition of salt, thus indicating that only these variables can adequately
explain the variation noted in the extraction of volatile compounds within the levels studied in
this work.

The model built for the volatile compounds of the probiotic yogurt is represented by Equation
(1), and the answer (A) is the total chromatographic peak area. A response surface was
plotted to facilitate the visualization of the significant factors derived from the statistical
analysis (Figure 1).

A=-458.006 + 20.295 T - 0.204 T2 + 6.6485s - 1.690s2 + 0.139 ts (1)

where T (°C) is the extraction temperature, s (g NaCl) is the salt concentration and t (min)
the extraction time.

The optimum region of volatile compounds extraction from the probiotic yogurt was obtained
at 50 °C with 5 g of NaCl. A similar temperature was used by Contarini and Povolo [24] in
the extraction of volatile compounds from milk. The use of high temperatures during
headspace extraction may selectively concentrate certain volatiles on the displacement of
others.
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Table 3: Results of the variance profile of volatile compounds of probiotic yogurt
through SPME and GC-MS.

Sum of DF° Mean F value P value
squares square
Linear
Temperature (°C) (L)® 0.355 1 0.355 0.001763  0.967680
Time (min) (L) 28.862 1 28.862 0.143297 0.716244
Salt (g) (L) 50.893 1 50.893 0.252677 0.630622
Quadratic
Temperature (°C) (Q) 1596.636 1 1596.636 7.927125  0.025940°
Time (min) (Q)° 251.653 1 251.653 1.249429 0.300551
Salt (g) (Q) 1086.836 1 1086.836 5.396025 0.053164°
Interaction
1L/2L 676.523 1 676.523 3.358863 0.109508
1L/3L 124.624 1 124.624 0.618747 0.457312
2L/3L 1139.306 1 1139.306 5656529 0.049001°
Model fit 771.163 5 154.233 0.482930 0.778744
Pure error 638.737 2 319.369
Total SQ 8227.464 16

éL= linear effect; bQ= quadratic effect; cDF= degrees of freedom. d Values significantly differents (P <
0.05).

[emll % B ]
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Fig. 1. Response surface obtained by central composite design using coded variables
where the response was total chromatographic peak area. Extraction time set at 45
min.

As reported by Yang and Peppard [25], the addition of salt increased the sensitivity of the
extraction of volatile compounds by SPME due to the “salting out” effect.

It is important to assess the fitted model to ensure that it provides sufficient approximation to
the results obtained in the experimental conditions. The normality of the data, which was
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checked by using a normal probability plot of the residuals and the difference between the
observed and predicted values from the regression, showed that the experimental points
were normally distributed around the line, indicating that the normality assumption was
satisfied. A determination coefficient value (R2) of 0.83 was obtained for this model, which
indicates a good fit between the observed and the predicted response values. The plots of
the residuals versus the predicted values (Figure 2) showed that the residuals were
scattered randomly around zero. Thus, the variance analysis results were valid as the model
assumptions were satisfied.
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Fig. 2. (a) Plot of the predicted versus observed values. (b) Plot of residuals versus
observed for total area of volatile compounds in probiotic yogurt.
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3.3.2 Component _identification and quantitative analysis of volatile compounds
through GC-MS

The volatile compounds detected in the probiotic yogurt were 2-butanone, 2,3-butanedione,
2,3-pentanodione, acetone and hexanoic acid. These compounds were previously described
by Imhof et al. [26] and Ott et al. [6] as impacting on the flavor of yogurt. However, different
strains of probiotic bacteria can produce different aroma profiles. Cruz et al. [27] and Cruz et
al. [28] evaluated the effect of the addition of glucose oxidase in stirred probiotic yogurt
added of B. longum, and observed the production of aroma compounds diacetyl and
acetaldehyde.

In the present work, the volatile composition of the probiotic yogurt was stable during the 28
days of storage. Condurso et al. [10] and Chen [7] reported that volatile compounds are
formed due to numerous biochemical changes which occur during the fermentation process
and storage of yogurt. Zourari et al. [29] stated that diketones, 2,3-butanedione and 2,3-
pentanodione in yogurts come only from pyruvate, since thermophilic starter cultures are not
able to metabolize citrate. According to Tsau et al. [30] and Monnet and Corrieu [31] species
of S. thermophilus possess an a-acetolactate synthase and an acetohydroxy acid synthase,
which produce a-acetolactate and 2-hydroxyacetolactate, respectively, from pyruvate. As
reported by Monnet and Corrieu [31], both these a-aceto acids are generally metabolized
into more neutral compounds to maintain pH homeostasis. These acids can be converted
either into 2,3-butanedione and 2,3-pentanodione by spontaneous decarboxylation or into
branched-chain amino acids in milk, such as valine, leucine or isoleucine, by means of
enzymatic mechanisms. Tsau et al. [30] reported that methyl ketones such as 2-butanone
and acetone (2-propanone) derive from B-oxidation of saturated free fatty acids and from
decarboxylation of B-ketoacids and, therefore, they depend on the lipolytic activity of yogurt
strains.

Probiotic yogurts showed the same volatile compounds profile, and the quantification was
carried out in the probiotic yogurt sample during the storage period. The volatile compounds
contents are shown in Table 4. During the 28 days of storage, only the differences between
the amounts of 2,3-butanedione, 2,3-pentanodione and hexanoic acid (P < 0.05) were
observed. On the first day of storage, the compound 2-butanone was detected in larger
quantities, while on the last day (28) 2,3-butanedione was the major compound. This result
is consistent with a research by Xu et al. [32], who quantified the volatile compounds in
fermented milk prepared with probiotics and noted predominance of 2,3-butanedione.
However, Vazquez-Landaverde et al. [11] noted 2,3-butanedione as the component in
second largest quantity present in milk samples. The concentration of 2,3-pentanodione
increased during the 28 days of storage (P < 0.05). Similar results were obtained by
Gallardo-Escamilla et al. [33], with 0.07 mg of 2,3-pentanodione per kilogram of yogurt.

Table 4: Concentration (mg/kg) of the volatile compounds from probiotic yogurt
during storage at 5 * 1 °C.

Compounds Days of storage
1 14 28
2-butanone 2.939+0.88 0.75°+0.15 3.11%+0.21
2,3-butanodione 2.72°+0.30 2.94°+0.34 492%+0.17
2,3-pentanodione 0.05°+0.02 0.09 ° £ 0.01 0.137£0.02
Acetone 240%+0.25 1.89°+0.16 2.63%+0.23
Hexanoic acid 0.85°+0.14 1.48°+0.15 1.92%+0.22

““Different letters in the same row indicate significant differences between means (P < 0.05).
“Mean + standard deviation (n=3).
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The acetone content detected in the probiotic yogurt (2.40 mg/kg) remained stable during
storage and was higher than that obtained by Serra et al. [34] in yogurts. Kneifel et al. [35]
analyzed samples of yogurt containing Bifidobacterium spp. and detected significant
amounts of 2-butanone, 2,3-butanedione and acetone, which are consistent with some of the
compounds detected in this present work.

The concentration of hexanoic acid increased over the period of refrigerated storage (P <
0.05). Different results were obtained by Condurso et al. [10], who analyzed yogurt samples
after 30 days of refrigerated storage and noted hexanoic acid amounts of 4.9 mg/kg and 2.1
mg/kg for 2,3-butanedione. Finally, it was verified that the profile of volatile compounds
hardly changes during refrigerated storage.

4. CONCLUSION

It was observed post-acidification and decrease in protein content in probiotic yogurt during
storage. The results showed that the extraction temperature and the addition of salt were
statistically the most influential factors for the extraction of higher amounts of volatile
compounds. Thus, the optimum region of volatile compounds extraction from the probiotic
yogurt was obtained at 50 °C with 5 g of NaCl. The volatile compounds detected in the
probiotic yogurt were 2-butanone, 2,3-butanedione, 2,3-pentanodione, acetone and
hexanoic acid. During the 28 days of storage, the only differences noted were between the
amounts of 2,3-butanedione, 2,3-pentanodione and hexanoic acid.

ACKNOWLEDGMENTS

The authors are grateful to CNPqg (National Council for Scientific and Technological
Development, Brazil) by the financial support and to CAPES (Coordination of Improvement
of Higher Education Personnel, Brazil - Finance Code 001) by the scholarship.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1. Pimentel TC, Antunes AEC, Zacarchenco PBM, Cortez AS, Bogsan CSB, Oliveira
MN, Esmerino EA, Silva MC, Cruz AG. Brazilian yogurt-like products, In: Shah NP,
editor. Yogurt in health and disease prevention, London: Elsevier; 2017.

2. Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B. The international
scientific association for probiotics and prebiotics consensus statement on the scope
and appropriate use of the term probiotic. Nat Rev Gastro Hepat. 2014;11(8):506-

514.

5, Tripathi MKK, Giri SKK. Probiotic functional foods: survival of probiotics during
processing and storage. J Funct Foods. 2014;9(1):225-241.

4, Kabeerdoss J, Devi RS, Mary RR, Prabhavathi D, Vidya R, Mechenro J, Mahendri

NV, Pugazhendhi S, Ramakrishna BS. Effect of yoghurt containing Bifidobacterium
lactis Bb12® on faecal excretion of secretory immunoglobulin A and human beta-
defensin 2 in healthy adult volunteers. Nutr J. 2011;10:138-141.



406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Tamime AY, Robinson RK. Yoghurt: science and technology (2nd ed.). Boca Raton:
CRC; 2000.

Ott A, Germond JE, Chaintreau A.. Vicinal diketon formation in yoghurt: 13C
precursors and effect of branched-chain amino acids. J Agric Food Chem.
2000;48(3):724-731.

Chen H. Volatile flavor compounds in yogurt: a review. Crit Rev Food Sci.
2010;50(10):938-950.

Zhang Z, Yang MJ, Pawliszyn J. Solid-phase microextraction. J Anal Chem. 1994;
66(17):844-853.

Yang XP, Peppard T. Solid-phase microextraction for flavor analysis. J Agric Food
Chem. 1994; 42(9):1925-1930.

Condurso C, Verzura A, Romeo V, Ziino M, Conte F. Solid-phase microextraction
and gas chromatography mass spectrometry analysis of dairy product volatiles for
the determination of shelf-life. Int Dairy J. 2008;18(8):819-825.

Vazquez-Landaverde PA, Velazquez G, Torres A, Qian MC. Quantitative
determination of thermally derived off-flavor compounds in milk using solid-phase
microextraction and gas chromatography. J Dairy Sci. 2005;88(11):3764-3772.
Wright BJ, Zevchak SE, Wright JM, Drake MA. The impact of agglomeration and
storage on flavor and flavor stability of whey protein concentrate 80% and whey
protein isolate. J. Food Sci. 2008;74(1):S17-S29.

Almeida KE, Bonassi IS, Roga RO. Caracteristicas fisicas e quimicas de bebidas
lacteas fermentadas e preparadas com soro de queijo minas frescal. Ciénc Tecnol
Aliment. 2001;21(2):187-192, Brazil.

Vinderola CG, Reinheimer JA. Enumeration of Lactobacillus casei in the presence of
L. acidophilus, bifidobacteria and lactic starter bacteria in fermented dairy products.
Int Dairy J. 2000;10(4):271-275.

AOAC. Official methods of analysis (18th ed.). USA: Association of Official Analytical
Chemists; 2005.

National Institute of Standards and Technology (NIST) NIST/EPA/NIH Mass Spectra
Library, version 1.7. 1998. Accessed 21 March 2018. Available:
http://www.nist.gov/srd/

Saarela M, Virkajarvi I, Alakomi H, Sigvartmattila P, Matto J. Stability and
functionality of freeze-dried probiotic Bifidobacterium cells during storage in juice
milk. Int Dairy J. 2006;16(12):1477-1482.

Cunha TM, llha EC, Amboni RDC, Barreto PLM, Castro FP, Prudéncio ES. The
influence of whey and probiotic bacteria on the properties of fermented lactic
beverages. Braz J Food Technol. 2009;12(1):23-33, Portuguese.

Thamer KG, Penna ALB. Efeito do teor de soro, agucar e de frutooligossacarideos
sobre a populacdo de bactérias laticas probidticas em bebidas fermentadas. Rev
Bras Cienc Farm. 2005;41(3):393-400, Portuguese.

Donkor ON, Henriksson A, Vasiljevic T, Shah NP. Effect of acidification on the
activity of probiotics in yoghurt during cold storage. Int Dairy J. 2006;16(10):1181-
1189.

Kempka AP, Kriiger RL, Valduga E, Di Luccio M, Treichel H, Cansian R, Oliveira D.
Formulagdo de bebida lactea fermentada sabor péssego utilizando substratos
alternativos e cultura probidtica. Ciénc Tecnol Aliment. 2008;28:170-177,
Portuguese.

Lankaputhra WEV, Shah NP. Improving viability of Lactobacillus acidophilus and
bifidobacteria in yogurt using two step fermentation and neutralised mix. Food Aust.
1997;8:363-366.

Kailasapathy K. Survival of free and encapsulated probiotic bacteria and their effect
on the sensory properties of yoghurt. LWT-Food Sci Technol. 2006;39(10):1221-
1227.



495

459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

Contarini G, Povolo M. Volatile fraction of milk: comparison between purge and trap
and solid phase microextraction techniques. J Agric Food Chem. 2002;50(25):7350-
7355.

Yang X, Peppard T. Solid-phase microextraction for flavor analysis. J Agric Food
Chem. 1994;42:1925-1930.

Imhof R, Glattli H, Bosset JO. Volatile organic compounds produced by thermophilic
and mesophilic mixed strain dairy starter cultures. LWT-Food Sci Technol.
1994;27(5):442-449.

Cruz AG, Castro WF, Faria JAF, Bogusz SJr, Granato D, Celeguini RMS, Lima-
Pallone J, Godoy HT. Glucose oxidase: a potential option to decrease the oxidative
stress in stirred probiotic yogurt. LWT-Food Sci Technol. 2012;47(2):512-515.

Cruz AG, Castro WF, Faria JAF, Lollo PCB, Amaya-Farfan J, Freitas MQ, Rodrigues
D, Oliveira CAF, Godoy HT. Probiotic yogurts manufactured with increased glucose
oxidase levels: post acidification, proteolytic patterns, survival of probiotic
microorganisms, production of organic acid and aroma compounds. J Dairy Sci.
2012;95(5):2267-2269.

Zourari A, Accolas JP, Desmazeaud MJ. Metabolism and biochemical
characteristics of yoghurt bacteria. Le Lait. 1992;72(1):1-34, French.

Tsau JL, Guffanti AA, Montville TJ. Conversion of pyruvate to acetoin helps to
mantain pH homeostasis in Lactobacillus plantarum. Appl Environ Microbiol.
1992;58(3):991-994.

Monnet C, Corrieu G. (2007). Selection and properties of [alpha]-acetolactate
decarboxylase-deficient spontaneous mutants of Streptococcus thermophilus. Food
Microb. 2007;24(6):601-606.

Xu S, Boyslton TD, Glatz BA. Conjugated linoleic acid content and organoleptic
attributes of fermented milk products produced with probiotic bacteria. J Agric Food
Chem.2005;53:9064-9072.

Gallardo-Escamilla FJ, Kelly AL, Delahunty CM. Influence of starter culture on flavor
and headspace volatile profiles of fermented whey and produced from fermented
milk. J Agric Food Chem. 2005;88(11):3745-3753.

Serra M, Trujillo AJ, Guamis B, Ferragut V. Flavour profiles and survival of starter
cultures of yoghurt produced from high-pressure homogenized milk. Int Dairy J.
2009;19(2):100-106.

Kneifel WM, Ulberth F, Erhard F, Jaros D. Aroma profiles and sensory properties of
yogurt and yogurt-related products. I. screening of commercially available starter
cultures. Milchwissenschaft. 1992;47:362-365.



