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a b s t r a c t

The effect of addition of natural sugar substitutes (stevia, erythritol or xylitol) and prebiotics (oligo-
fructose or polydextrose) on physicochemical characteristics, probiotic survival (Lactobacillus casei) and
sensory acceptance of yoghurts during storage (7 �C, 28 days) was evaluated. Yoghurts with sucrose or
sucralose were also prepared. Xylitol and sucralose added yoghurts had physicochemical characteristics
and sensory acceptance similar to those of the product with sucrose. Xylitol was more efficient in
maintenance of textural characteristics and probiotic survival in simulated gastrointestinal conditions
(SGIC) than sucralose. Addition of erythritol and stevia changed the textural parameters, reduced
acceptance and decreased probiotic survival in SGIC. Addition of oligofructose or polydextrose improved
texture and increased probiotic survival but decreased flavour acceptance. All formulations could be
considered probiotic products during shelf life (7 �C, 28 days) with counts higher than 107 cfu mL�1 in
the product and 104 cfu mL�1 after SGIC.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Sucrose is the main ingredient used in the food industry for
promoting sweet taste, it can improve the consistency of products,
and does not present bitter or residual tastes (Carocho, Morales, &
Ferreira, 2017). However, due to an increase in consumption of
foods with low or no sugars, the food industries are trying to
include sugar substitutes in their formulations (Furlan &
Campderr�os, 2017; Gao, Brennan, Mason, & Brennan, 2017). The
sucrose substitutes most used are artificial sweeteners, such as
saccharin, acesulfame K, aspartame and sucralose (Miele et al.,
2017), the latter being considered the best substitute for sugar,
because it has slight residual bitter taste, stability to high temper-
ature and acidity and causes few sensorial alterations in products
Pimentel).
(Furlan & Campderr�os, 2017). However, consumption of artificial
sweeteners is associated to increased risk of type 2 diabetes
(Fagherazzi et al., 2017), higher body weight (Bian et al., 2017),
increased cardiometabolic risk (Azad et al., 2017), and cytotoxic and
mutagenic activities (Oliveira et al., 2017), among others.

Thus, there is an increase in demand for natural and healthy
products, increasing development of dairy products with natural
sweeteners (Miele et al., 2017) and/or added prebiotic components.
In the category of natural sweeteners are erythritol (produced by
the fermentation of glucose using osmophilic yeasts; Carly et al.,
2017), xylitol (obtained by microbial processes involving bacteria,
fungi or yeasts and having as a substrate xylose or hemicellulose
hydrolysates; Pappu & Gummadi, 2017), and stevia (extracted from
leaves of Stevia rebaudiana Bertoni; Gao et al., 2017). Among the
prebiotic components are oligofructose and polydextrose, which
can also be used as sugar substitutes, but it is recommended they be
used with sweeteners, because of their low sweetener power
(Apolin�ario et al., 2014). Prebiotic components can promote health
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benefits to consumers associated with modulation of their micro-
biota (Das, Choudhary, & Thompson-Witrick, 2019; Gibson et al.,
2017).

Probiotics are living microorganisms, that confer beneficial ef-
fects on the individual, when administered in adequate amounts
(Hill et al., 2014). To exert a beneficial impact on consumer health,
probiotic cultures must be viable in the product throughout the
shelf-life (>106 cfu mL�1) (Sangami& Sri, 2017; Savedboworn et al.,
2017). Survival depends on the conditions of the medium and in-
gredients used. Only one study evaluated the effect of different
sweeteners addition on the viability of probiotic cultures in yo-
ghurts (Vinderola, Costa, Regenhardt, & Reinheimer, 2002); how-
ever, it used only traditional artificial sweeteners (aspartame and
acesulfame K). In addition, probiotics should be able to survive
under the conditions of the gastrointestinal tract, i.e., be resistant to
stomach acidity and bile salts (Champagne, Gomes da Cruz,& Daga,
2018). However, few studies take this latter aspect into account
when evaluating probiotic survival in dairy products.

The objective of the present study was to evaluate the effect of
addition of natural sugar substitutes (stevia, erythritol or xylitol)
and prebiotics (oligofructose or polydextrose) on the physico-
chemical characteristics, probiotic culture survival (Lactobacillus
casei) and sensory acceptance of yoghurts during refrigerated
storage (7 �C for 28 days). Sucrose and sucralose added products
were used as controls.

2. Material and methods

2.1. Material

Oligofructose (P95, Orafti®, Tienen, Belgium), polydextrose
(Tate & Lyle®, London, UK), xylitol (La Pianezza®, Santa Barbara do
Oeste, Brazil), erythritol (La Pianezza®), stevia A (90% of rebau-
dioside, Stevita®, Maring�a, Brazil), stevia B (20% of rebaudioside,
Stevita®) and sucralose (Splenda, Tate & Lyle®) were used as
sweeteners or prebiotic components in the experiment. Strepto-
coccus thermophilus and Lactobacillus delbrueckii ssp. bulgaricus
(YF-L812, Christian Hansen®, Valinhos, Brazil) were used as starter
cultures and L. casei (L. casei-01, Christian Hansen®) as probiotic
culture.

2.2. Starter culture preparation

The starter culture was prepared according to the recommen-
dations of the manufacturer. The content of the package (25 g) was
poured into 1 L of sterilised milk, mixed, and stored frozen (50-mL
aliquots). For every yoghurt batch, it was thawed and inoculated.

2.3. Yoghurt preparation

Eight formulations of yoghurt were prepared (Table 1): SUC
(sucrose), SUCRA (sucralose), XYL (xylitol), ST-A (stevia A), ST-B
Table 1
Experimental design of sweeteners used in yoghurt formulations.

Formulation Sweetener (g L�1)

Sucrose Sucralose Xylitol Stevia A

SUC 120 e e e

SUCRA e 0.2 e e

XYL e e 120 e

ST-A e e 0.6
ST-B e e e

ERY e e e

ERY-O e e e

ERY-P e e e
(stevia B), ERY (erythritol), ERY-O (erythritol þ oligofructose) and
ERY-P (erythritolþ polydextrose). The concentration of sweeteners
was determined in preliminary tests using pairwise comparison
tests (Stone, 2012) to evaluate the sweet taste intensity. Thus, all
formulations had the same sweet taste intensity when compared
with the sucrose added product. The stevia sweeteners differed in
rebaudioside content andwere tested to observe if concentration of
this component resulted in higher acceptance of products by con-
sumers and better-quality products, as it is stated that stevia with
higher rebaudioside content has lower bitter taste (Poele et al.,
2018). As the prebiotic components have low sweetening capacity
(Apolin�ario et al., 2014), oligofructose and polydextrose were used
in association with erythritol, which was the natural sweetener
with the lowest sweetener capacity (70% of the sucrose sweetener
power) (Carocho et al., 2017), aiming for synergism and cost
reduction. Sucralose was used as control, because it is considered
the artificial sweetener that best substitutes for sucrose (Furlan &
Campderr�os, 2017).

For yoghurt production, sucrose or the sweeteners/prebiotics
and 35 g L�1 of skimmed milk powder (SMP) was added to full-fat
milk. The SMP was used to adjust the total solids content and
produce products with desirable texture characteristics. The
mixture was pasteurised at 85 �C for 30 min in a water bath
(Marconi®, Piracicaba, Brazil) and cooled to 42 �C (Akalin,
Fenderya, & Akbulut, 2004). Then, 30 mL L�1 starter culture and
0.2 g L�1 probiotic culture (approximately 7.5 log cfu mL�1) were
added; and the mix was incubated at 42 �C for 5 h. After fermen-
tation, the yoghurt was beaten, packed in translucent poly-
propylene plastic (52 mm high and 52 mm diameter) containers
with 80 mL of capacity and stored at 7 �C for 28 days.

2.4. Chemical composition and physicochemical analysis

The chemical composition of the yoghurt formulations was
determined on the 1st day of storage, according to the methodol-
ogies proposed by AOAC (2004).

The fatty acid profile was performed on the 1st day of storage.
Fatty acid methyl esters (FAME) were prepared by methylation of
total lipids, according to Florence et al. (2012). Methyl esters were
separated by gas chromatography using a Thermo model Trace
Ultra 3300 (Thermo Scientific, Waltham, MA, USA) equipped with a
flame ionisation and cyanopropyl capillary column (100 m � 0.25
i.d., 0.25-mm film thickness, CP-7420). Gas flow rates were
1.2 mL min�1 carrier gas (H2), 30 mL min�1 make-up gas (N2) and
35 and 350 mL min�1 for the flame gases (H2 and synthetic air,
respectively). The sample splitting rate was 1:80, and samples
(2 mL) were injected in duplicate. Operational parameters were as
follows: detector and injection port temperatures of 240 �C, column
temperature of 185 �C for 7.5 min, programmed to increase at 4 �C
min�1 to 235 �C and maintenance at this temperature for 1.5 min.
Peak areas were determined using ChromQuest 5.0 software
(Thermo Scientific, Waltham, MA, USA). For fatty acid
Stevia B Erythritol Oligofructose Polydextrose

e e e e

e e e e

e e e e

e e e e

0.6 e e e

e 240 e e

e 120 60 e

e 120 e 60
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identification, the retention times were compared with those of
standard methyl esters.

Quantification was performed using tricosanoic acid methyl
ester as an internal standard (23:0), and theoretical flame ionisa-
tion detector (FID) correction factors were applied to obtain con-
centrations. Fatty acid contents were calculated in mg g�1 of total
lipids using equation (1).

FA¼ AXWISCFX
AISWXCFAE

� 100 (1)

where FA is the mg of fatty acids per g of total lipids; AX is the peak
area (fatty acids); AIS is the peak area of the internal standard (IS)
methyl ester of tricosanoic acid (23:0); WIS is the IS weight (mg)
added to the sample (in mg); WX is the sample weight (in mg); CFX
is the theoretical correction factor; CFAE is the conversion factor
required to express results in mass of fatty acids rather thanmass of
methyl esters.

The atherogenic index (AI; Batista et al., 2017), thrombogenic
index (TI, Batista et al., 2017), desired fatty acids (DFA; Barlowska
et al., 2018) and hypercholesterolemic saturated fatty acids
(HSFA; Barlowska et al., 2018) were calculated according to equa-
tions (2)e(5).

AI ¼ (C12:0 þ 4 � C14:0 þ C16:0)/[
P

MUFA
þ S PUFA(ne6) (ne3)] (2)

TI ¼ (C14:0 þ C16:0 þ C18:0)/[0.5 � S MUFA þ 0.5
� S PUFA(ne6) þ 3 � S PUFA(ne3) þ (ne3)/(ne6)] (3)

DFA ¼ MUFA þ PUFA þ C18:0 (4)

HSFA ¼ C12:0 þ C14:0 þ C16:0 (5)

The physicochemical characteristics were evaluated on days 1, 7,
14, 21 and 28 of storage. The pH of products was determined using a
pre-calibrated digital potentiometer (MS Tecnopon Instrumenta-
tion, mPA210, Piracicaba, Brazil). The titratable acidity was deter-
mined according to AOAC (2004). The total soluble solids (TSS)
content was determined in a digital refractometer (Instruterm®,
S~ao Paulo, Brazil) and expressed as oBrix. For colour instrumental
evaluation, a colorimeter (Minolta®, model CR400, Osaka, Japan)
was used. The equipment provided the parameters L* (luminosity),
a* (red-green component) and b* (yellow-blue component).

Texture parameters (firmness, consistency, cohesiveness and
viscosity index) were determined in a TAXT Plus texturometer
(Stable Micro Systems, London, UK) by simple compression. The
formulations, in their original containers, were compressed with a
cylindrical probewith a 36mmdiameter (P 36R) and penetration of
10 mm at pre-test and test speeds of 1 mm s�1, post-test speed of
10 mm s�1 and 1 g of trigger (Janu�ario et al., 2017).

2.5. Sensory analysis

Therewere two sensory panels, one on the 1st day and the other
on the 28th day of storage of the products. The panels were
composed of 58 untrained individuals (34 women, 24 men),
ranging in age from 15 to over 50 years, with majority (49 in-
dividuals) aged 15e25 years. Individuals were students, professors
and staff of the same university and participated in both sensory
evaluations.

The acceptance test (appearance, aroma, flavour, texture and
overall impression) used a hedonic scale of 9 points (1, disliked very
much; 9, liked very much) (Cruz et al., 2010); and the purchase
intention test used a 5-point scale (1, certainly would not buy; 5,
would certainly buy). This project was approved by the Ethics
Committee involving human (CAAE: 54928016.4.0000.5688,
Opinion number: 2.037.951). The judges evaluated the eight for-
mulations in two evaluation sessions, at a temperature of 7 �C, one
at a time, in a randomised order. Drinking water at room temper-
ature and cream cracker biscuits were available for mouth cleaning
before and between evaluations of the formulations.

2.6. Probiotic survival

Probiotic survival was determined in the yoghurt formulations
during storage and in the simulated gastrointestinal conditions
(SGIC). Survival in the product was evaluated on days 1, 7,14, 21 and
28 of storage, while survival in the SGIC was performed on days 1
and 28 of storage.

After homogenisation of the samples, 1 mL of each yoghurt
formulation was diluted with 9 mL of sterile 0.85% saline solution,
mixed and serially diluted. L. casei counts were determined on Man
Rogosa and Sharp (MRS, Himedia, Mumbai, India) agar supple-
mented with 2 mL L�1 of a 0.05% (w/v) vancomycin solution and
anaerobic incubation at 37 �C for 72 h (Tharmaraj & Shah, 2003).

The survival of the probiotic to gastric and enteric conditions
was carried out according to the methods of Bedani, Vieira, Rossi,
and Saad (2014) and Buriti, Castro, and Saad (2010), with some
modifications. The probiotic yoghurt (50 mL) was transferred to
sterile shot tubes (100 mL) and diluted with 0.85% NaCl solution.
The pH was adjusted to 2.3e2.6 with 1 M HCl and pepsin and lipase
were added until a concentration of 3 g L�1 and 0.9 mg L�1,
respectively. Samples were, then, incubated at 37 �C, with shaking
at approximately 150 rpm, for 2 h, simulating the gastric phase
(GF). After incubation, using an alkaline solution (150 mL 1 M

NaOHþ 14 g NaH2PO4 in 1 L), the pH was raised to 5.4e5.7 and bile
and pancreatinwere added reaching concentrations of 10 g L�1 and
1 g L�1, respectively. Samples were incubated again at 37 �C for 2 h,
with shaking, simulating the first enteric phase (1EF). In the last
step, the pH was raised to 6.8e7.2 using the same alkaline solution,
and the bile and pancreatic concentrations were adjusted to
10 g L�1 and 1 g L�1, respectively. Samples were incubated again at
37 �C for 2 h, with shaking, simulating the second enteric phase
(2EF). The total assay last 6 h. The L. casei count was performed
initially and after the full GT simulation (6 h).

2.7. Design of the experiment and statistical analysis

The experiment was repeated twice and followed a completely
randomised design. All analyses for chemical composition, physi-
cochemical characteristics, texture parameters and probiotic sur-
vival were done in triplicates, except fatty acid profile, which was
done in duplicates. A split plot design was used to analyse the data
(main treatment was the formulation and the secondary treatment
was the storage time). Acceptance and purchase intention were
performed using a completely randomised block design (treat-
ments were the formulations/time and the blocks the judges). The
results were submitted to analysis of variance (ANOVA) and Tukey
test (p ¼ 5%) to determine significant differences between treat-
ments. Statistical analyses were performed using ASSISTAT 7.7
(UFCG, Campina Grande, Brazil) and Statistical Analysis System
(SAS, Institute Inc., Cary, NC, USA) software.

3. Results and discussion

3.1. Chemical composition

The chemical composition of the yoghurt formulations is pre-
sented in Table 2. The chemical composition fell within the



Table 2
Chemical composition of yoghurt formulations containing various sweetening systems.a

Parameter Formulations

SUC SUCRA XYL ST-A ST-B ERY ERY-O ERY-P

Moisture (g 100 g�1) 73.68 ± 0.10b 86.40 ± 0.39a 76.11 ± 0.49b 85.10 ± 1.52a 84.82 ± 1.43a 68.78 ± 1.57c 68.39 ± 1.8c 67.91 ± 1.39c

Ash (g 100 g�1) 2.29 ± 0.04ab 1.78 ± 0.01ab 1.58 ± 0.01b 1.93 ± 0.01ab 2.25 ± 0.01ab 1.78 ± 0.01ab 2.50 ± 0.01a 1.83 ± 0.01ab

Protein (g 100 g�1) 3.18 ± 0.14abc 3.50 ± 0.24a 2.89 ± 0.22bc 2.87 ± 0.21c 3.16 ± 0.07abc 3.14 ± 0.16abc 3.34 ± 0.10ab 3.41 ± 0.16a

Fat (g 100 g�1) 3.37 ± 0.23a 3.76 ± 0.10a 3.67 ± 0.42a 3.72 ± 0.48a 3.62 ± 0.20a 3.60 ± 0.43a 3.27 ± 0.22a 3.29 ± 0.23a

Carbohydrates (g 100 g�1) 17.50 ± 0.95b 4.56 ± 0.38d 15.90 ± 0.97b 6.38 ± 0.42c 6.15 ± 0.75c 22.70 ± 0.89a 22.50 ± 0.94a 23.57 ± 0.74a

a Means ± standard deviation in the same row followed by different lower-case superscript letters indicate statistically significant differences at p � 0.05 between for-
mulations of yogurt (n ¼ 6). Abbreviations are: SUC, sucrose; SUCRA, sucralose; XYL, xylitol; ST-A, stevia, 90% rebaudioside; ST-B, stevia, 20% rebaudioside; ERY, erythritol;
ERY-O, erythritol þ oligofructose; ERY-P, erythritol þ polydextrose.
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following ranges (g 100 g�1): moisture (67.9e86.4), ash
(1.58e2.50), proteins (2.87e3.50), fat (3.27e3.76) and carbohy-
drates (4.56e23.57), similar to the chemical composition observed
in previous studies (Janiaski, Pimentel, Cruz, & Prudencio, 2016;
Janu�ario et al., 2017; Pimentel, Garcia, & Prudêncio, 2012). Substi-
tution of sucrose by SUCRA, natural sweeteners (XYL, ST-A, ST-B,
ERY) and prebiotics (ERY-O and ERY-P) did not influence (p > 0.05)
the protein, fat and ash contents of the yoghurts when compared
with the sucrose added product.

The effect of sweeteners on moisture and carbohydrate contents
was dependent on the sweetening power and, consequently, on the
amount of the sweetener added. Sweeteners with high sweetener
capacity (sucralose and stevia A and B) were added in small con-
centrations (0.2 and 0.6 g L�1, respectively) and resulted in products
(SUCRA, ST-A and ST-B) with higher moisture and lower carbohy-
drate contents than sucrose added product (120 g L�1) (p < 0.05).
Addition of XYL resulted in products with similar moisture and
carbohydrate contents (p > 0.05) when compared with the product
with SUC, because both components were added in similar
Table 3
Fatty acid profile of yogurt formulations containing various sweetening systems.a

Parameter Formulations

SUC SUCRA XYL ST-A

4:0 11.4 ± 0.3a 10.9 ± 0.2a 11.2 ± 0.1a 11.3 ± 0.1a

6:0 10.2 ± 1.8c 13.7 ± 1.1ab 11.3 ± 0.2bc 15.7 ± 0.3a

8:0 23.1 ± 0.1a 23.1 ± 0.1a 21.9 ± 1.2a 23.0 ± 0.4a

10:0 33.5 ± 0.6ab 31.8 ± 0.1b 32.3 ± 0.1ab 34.2 ± 0.4a

12:0 1.7 ± 0.1b 1.7 ± 0.1b 1.7 ± 0.1b 2.9 ± 0.1a

14:0 105.7 ± 0.4b 106.5 ± 0.6b 106.4 ± 0.4b 109.3 ± 0.7
14:1 n-11 8.4 ± 0.1a 9.3 ± 0.1a 9.2 ± 0.1a 9.3 ± 0.1a

14:1 n-9 5.9 ± 0.1a 4.3 ± 0.7b 6.0 ± 0.1a 4.4 ± 0.1b

14:1 n-7 5.8 ± 0.1b 5.5 ± 0.8b 9.0 ± 1.5a 6.3 ± 0.1b

16:0 278.7 ± 0.7bc 284.7 ± 2.2a 285.5 ± 1.0a 276.5 ± 0.9
16:1 n-9 2.2 ± 0.1cd 2.4 ± 0.1ab 2.6 ± 0.1a 2.1 ± 0.1d

16:1 n-7 11.5 ± 0.5ab 10.3 ± 0.1abc 9.8 ± 0.2bc 12.0 ± 0.1a

18:0 108.1 ± 0.8b 111.6 ± 1.1a 111.6 ± 0.2a 109.9 ± 0.1
18:1t 30.3 ± 0.4a 30.9 ± 0.3a 31.2 ± 0.2a 30.6 ± 0.1a

18:1 n-9 219.2 ± 0.6ab 220.6 ± 1.1a 218.7 ± 0.9abc 215.5 ± 0.8
18:2t 1.8 ± 0.1b 1.8 ± 0.1b 1.8 ± 0.1b 1.56 ± 0.1b

18:2 n-6 15.3 ± 0.1c 16.4 ± 0.1a 15.9 ± 0.1ab 15.9 ± 0.2b

18:3 n-3 4.2 ± 0.7a 5.8 ± 2.3a 4.3 ± 0.3a 3.8 ± 0.1a

18:2 c9t11 8.9 ± 1.1a 9.2 ± 0.1a 8.5 ± 0.1a 9.2 ± 0.2a

SFA 572.0 ± 3.2b 584.0 ± 3.1a 581.9 ± 0.9a 582.8 ± 2.9
MUFA 283.3 ± 0.5ab 283.2 ± 2.9ab 286.6 ± 2.9a 280.3 ± 1.1
PUFA 30.1 ± 1.7a 33.1 ± 2.5a 30.5 ± 0.3a 30.4 ± 0.1a

AI 2.3 ± 0.1b 2.3 ± 0.1b 2.3 ± 0.1b 2.4 ± 0.1ab

TI 3.0 ± 0.1ab 3.0 ± 0.1ab 3.1 ± 0.1ab 3.1 ± 0.1ab

DFA 421.5 ± 0.4abcd 428.0 ± 1.5ab 428.7 ± 2.9a 420.5 ± 1.2
HSFA 386.1 ± 0.3b 392.9 ± 2.7a 393.6 ± 1.4a 388.7 ± 1.6

a Values (mg fatty acid g�1 total lipids) are expressed as mean ± standard deviation. A
same row indicate presence of statistical difference (p < 0.05) among treatments by Tu
unsaturated fatty acid. AI ¼ (C12:0 þ 4 C14:0 þ C16:0)/[

P
MUFA þ P

PUFA(n-6) a
6)þ 3�P

PUFA(n- 3)þ (n-3)/(n-6)]; DFA¼MUFAþ PUFAþ C18:0; HSFA¼ C12:0þ C14:
A, stevia, 90% rebaudioside; ST-B, stevia, 20% rebaudioside; ERY, erythritol; ERY-O, eryth
concentrations (120 g L�1). Finally, addition of ERY and prebiotics
(ERY-O and ERY-P) resulted in products with lower moisture and
higher carbohydrate contents than sucrose added product, as
erythritol alone or in combination with prebiotics was added in
higher concentrations (180e240 g L�1) than the sucrose (120 g L�1).

Table 3 shows the fatty acids profile of the yoghurts and the AI,
TI, DFA, and HSFA indices. The yoghurts were characterised by the
presence of saturated fatty acids (SFA; 572e588 mg g�1), followed
by monounsaturated fatty acids (MUFA; 272e286 mg g�1) and
polyunsaturated fatty acids (PUFA; 30e33mg g�1). The substitution
of sucrose by different sweeteners resulted in a different fatty acid
profile in the yoghurts. In general, higher levels of SFA were
observed in the products with sweeteners addition (p � 0.05),
mainly associated to the increased levels of 6:0, 16:0 and 18:0. At
the same time, higher levels of 16:1 n-9, 18:2 n-6, and 14:1 n-7,
were observed (p � 0.05), with no significant impact in the PUFA
values (p > 0.05).

These differences could be the result of possible differences in
the fermentation process by starter cultures in the presence of the
ST-B ERY ERY-O ERY-P

10.8 ± 0.4a 10.9 ± 0.2a 11.7 ± 0.3a 11.2 ± 0.2a

14.1 ± 0.1ab 14.5 ± 0.3ab 15.2 ± 0.8a 14.4 ± 0.2ab

23.6 ± 1.1a 26.3 ± 0.7a 25.8 ± 2.9a 26.1 ± 0.4a

33.7 ± 0.4ab 32.8 ± 0.6ab 33.5 ± 0.8ab 33.4 ± 0.6ab

1.7 ± 0.1b 1.7 ± 0.1b 1.7 ± 0.3b 1.7 ± 0.1b
a 107.6 ± 0.1ab 105.8 ± 0.5b 107.1 ± 0.5b 105.9 ± 0.7b

9.5 ± 0.1a 9.3 ± 0.1a 9.5 ± 1.4a 9.5 ± 0.1a

4.1 ± 0.1b 4.2 ± 0.1b 4.3 ± 0.1b 4.3 ± 0.1b

6.0 ± 0.1b 6.4 ± 0.1b 6.5 ± 0.1b 6.5 ± 0.1b
c 281.2 ± 0.9ab 281.7 ± 0.2ab 282.1 ± 0.8ab 281.6 ± 1.1ab

2.6 ± 0.1a 2.3 ± 0.1bc 2.3 ± 0.1bc 2.3 ± 0.1bc

11.8 ± 0.8ab 10.4 ± 1.1abc 10.2 ± 0.2abc 8.7 ± 0.4c
ab 110.3 ± 0.7ab 111.3 ± 0.2a 111.0 ± 0.6a 110.9 ± 1.0a

30.6 ± 1.4a 30.5 ± 0.3a 29.3 ± 0.2a 30.4 ± 0.1a
bcd 215.5 ± 0.3bcd 214.9 ± 0.4d 209.9 ± 1.1e 215.0 ± 1.7cd

1.65 ± 0.4b 1.6 ± 0.1b 2.5 ± 0.1a 1.6 ± 0.1b

16.0 ± 0.2ab 15.9 ± 0.1b 16.0 ± 0.1ab 16.1 ± 0.2ab

6.6 ± 0.7a 4.7 ± 1.4a 3.8 ± 0.1a 4.1 ± 0.2a

9.3 ± 0.3a 9.3 ± 0.1a 9.3 ± 0.1a 9.4 ± 0.1a
a 583.0 ± 0.4a 584.9 ± 1.3a 588.0 ± 3.7a 585.1 ± 0.1a
abc 280.1 ± 2.6abc 278.0 ± 1.6bc 272.0 ± 2.7c 276.7 ± 1.1bc

33.5 ± 1.1a 31.6 ± 0.1a 31.5 ± 0.5a 31.5 ± 0.5a

2.4 ± 0.1ab 2.4 ± 0.1ab 2.5 ± 0.1a 2.4 ± 0.1ab

3.0 ± 0.1ab 3.1 ± 0.1ab 3.2 ± 0.1a 3.1 ± 0.1ab
bcd 423.8 ± 2.0abc 420.9 ± 0.3abcd 414.4 ± 3.4d 418.8 ± 2.5cd
ab 390.5 ± 0.8ab 389.2 ± 0.7ab 391.0 ± 0.1ab 389.2 ± 0.4ab

nalysis performed in duplicate. Means with different lowercase superscripts in the
key Test. SFA, saturated fatty acid, MUFA, monounsaturated fatty acid; PUFA, poly-
nd (n-3)]; TI ¼ (C14:0 þ C16:0 þ C18:0)/[0.5 � P

MUFA þ 0.5 � P
PUFA(n-

0þ C16:0 (n¼ 4). Abbreviations are: SUC, sucrose; SUCRA, sucralose; XYL, xylitol; ST-
ritol þ oligofructose; ERY-P, erythritol þ polydextrose.
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different sweeteners (Florence et al., 2012). Furthermore, it could
be associated with inhibition of production of fatty acids by starter
and probiotic cultures in the presence of sucrose (Lin, 2000). Batista
et al. (2015) reported that modification in the ingredients used or
process parameters during yoghurt preparation can provide a var-
iable effect on the lipolytic activity of starter and probiotic cultures,
by favouring certain reactions pathways and resulting in different
fatty acid profile. The increase in unsaturation has already been
reported for several microorganisms (starter or probiotic cultures)
and it was suggested to be a universally conserved adaptation
response (Espírito Santo et al., 2012). Results of the present study
suggest that therewas a possible inhibition of the starter cultures in
the presence of sucrose, which was not observed when the other
sweeteners were added. Therefore, it contributed to higher lipolytic
activity in the sweetener-added yoghurts, resulting in higher con-
tents of SFA and some MUFA and/or PUFA.

Considering health indices (AI and TI), all yoghurts presented
low values (Sperry et al., 2018). Addition of XYL, SUCRA, ST-A, ST-
B, ERY and ERY-P did not result in a significant effect (p > 0.05)
when compared with the product with sucrose. The addition of
ERY-O resulted in a product with higher AI (p � 0.05). Thus,
although addition of sweeteners resulted in a different fatty acid
profile, the health effect of the yoghurts with sucrose would be
maintained with the sweeteners, except for ERY-O products,
which had slightly higher AI. The atherogenic index is associated
to the blockage of arteries, and a high atherogenic index can lead
to cell adhesion in the immune and circulatory systems. In
contrast, a lower atherogenic index prevents occurrence of micro
and macro-coronary disease and is related to healthy lipid indices
(Balthazar et al., 2016).
Table 4
Physicochemical characteristics of yogurt formulations containing various sweetening sy

Parameter Storage day Formulations

SUC SUCRA XYL ST-A

pH 1 4.30 ± 0.11 aA 4.30 ± 0.11 aA 4.30 ± 0.11 aA 4.40 ±
7 4.20 ± 0.11 abABC 4.20 ± 0.11 abABC 4.16 ± 0.11 bBC 4.23 ±
14 4.26 ± 0.12 abAB 4.29 ± 0.17 aA 4.22 ± 0.19 abAB 4.17 ±
21 4.22 ± 0.13 abA 4.19 ± 0.130 abA 4.14 ± 0.12 bA 4.14 ±
28 4.00 ± 0.11 bAB 4.08 ± 0.11 bAB 4.14 ± 0.17 bAB 4.08 ±

Titratable
acidity
(% lactic
acid)

1 0.82 ± 0.12 bA 0.89 ± 0.11 bA 0.81 ± 0.13 bA 0.87 ±
7 0.82 ± 0.45 bA 0.98 ± 0.12 aA 0.83 ± 0.11abA 0.95 ±
14 0.80 ± 0.14 bA 0.94 ± 0.14 abA 0.86 ± 0.13 abA 0.97 ±
21 0.80 ± 0.13 bA 0.99 ± 0.16 aA 0.78 ± 0.19 bA 0.99 ±
28 0.90 ± 0.46 aA 1.00 ± 0.11 aA 0.87 ± 0.16 aA 1.00 ±

TSS (oBrix) 1 18.13 ± 0.11 aCD 9.60 ± 0.26 aE 17.96 ± 0.47 aD 9.33 ±
7 18.46 ± 0.28 aCD 9.63 ± 0.577 aE 17.70 ± 0.30 aD 9.70 ±
14 17.80 ± 0.35 aCD 8.43 ± 4.969 aE 17.33 ± 0.10 aD 9.43 ±
21 17.80 ± 0.35 aCD 8.43 ± 0.832 aE 17.33 ± 0.55 aD 9.43 ±
28 18.27 ± 0.54aCD 8.33 ± 1.05 aE 15.33 ± 4.79 aD 8.90 ±

L* 1 84.68 ± 0.12 aA 86.70 ± 0.17 aA 85.34 ± 0.12 aA 85.82
7 84.17 ± 0.18 aA 86.42 ± 0.12 aA 84.65 ± 0.29 aA 86.37
14 84.88 ± 0.56 aA 86.72 ± 0.44 aA 85.00 ± 1.2 aA 86.22
21 76.39 ± 6.90 bB 86.47 ± 0.28 aA 85.07 ± 0.19 aA 84.56
28 73.21 ± 2.64 bA 73.22 ± 2.26 bA 73.44 ± 1.75 bA 70.10

a* 1 3.45 ± 0.12 aA 3.33 ± 0.15 aA 3.55 ± 0.13 aA 3.51 ±
7 3.93 ± 0.13 aA 3.39 ± 0.17 aA 3.63 ± 0.19 aA 3.57 ±
14 3.46 ± 0.16 aA 3.16 ± 0.96 aA 3.7 ± 0.71 aA 3.46 ±
21 2.85 ± 1.22 aA 3.37 ± 0.17 aA 3.58 ± 0.15 aA 3.13 ±
28 2.73 ± 0.22 aA 2.51 ± 0.18 aA 2.68 ± 0.13 aA 2.4 ±

b* 1 10.39 ± 0.14 aA 9.97 ± 0.13 aA 10.11 ± 0.12 aA 10.15
7 10.38 ± 0.17 aAB 10.12 ± 0.15 aB 10.11 ± 0.17 aB 9.99 ±
14 10.40 ± 0.10 aAB 10.27 ± 0.50 aB 9.91 ± 0.66 aB 10.12
21 9.24 ± 0.51 bBC 10.14 ± 0.16 aAB 10.11 ± 0.11 aAB 10.64
28 8.43 ± 0.17 bB 8.50 ± 0.22 bB 8.51 ± 0.14 bB 8.21 ±

a Means ± standard deviation in the same row followed by different upper-case lette
yoghurts for the same storage day (n¼ 6); means ± standard deviation in the same colum
at p � 0.05 for each formulation affected by storage time (n ¼ 6). Abbreviations are: SUC,
20% rebaudioside; ERY, erythritol; ERY-O, erythritol þ oligofructose; ERY-P, erythritol þ
3.2. Physicochemical characteristics

The physicochemical characteristics of the yoghurt formulations
are presented in Table 4. Yoghurts presented pH of 3.95e4.43 and
titratable acidity of 0.70e1% of lactic acid during the storage period,
similar to those observed in previous studies (Janu�ario et al., 2017;
Pimentel et al., 2012). Substitution of sucrose with natural and pre-
biotic sweeteners did not result in alteration of the pH and titratable
acidity of theyoghurts (XYL, SUCRA, ERY, ERY-O, ERY-P, ST-AandST-B)
when compared with the control product (SUC) (p > 0.05), except for
the ERY product on day 1, that had lower pH (p � 0.05).

During the storage period, yoghurts with SUCRA, XYL, ST-A and
ST-B behaved in a similar way to the product with sucrose (SAC),
with decreases in the pH and increases in the titratable acidity
(p � 0.05). Erythritol added yoghurts (ERY, ERY-O and ERY-P)
showed a decrease in pH (p � 0.05), but maintenance of the
titratable acidity (p > 0.05). A previous study reported antagonistic
activity of erythritol on some LAB (Klewicki & Klewicka, 2004),
which could have resulted in less production of lactic acid during
the storage of the yoghurt with erythritol compared with the other
products. Products with erythritol presented a lower decrease in pH
values (0.15e0.28) than the product with sucrose (0.3), suggesting a
lower post-acidification. Decline in pH and increase in acidity are
the result of post-acidification of products and related to the con-
tinuity of the fermentative process by starter and probiotic cultures
during the storage period, with small production of lactic acid
(Gengatharan, Dykes, & Choo, 2017).

Similarly, as discussed for carbohydrate content, the TSS values
of the products added with high intensity sweeteners (SUCRA, ST-A
and ST-B) were lower than the values observed for sucrose added
stems.a

ST-B ERY ERY-O ERY-P

0.11 aA 4.40 ± 0.11 abA 4.10 ± 0.11 abB 4.43 ± 0.15 aA 4.40 ± 0.11 aA

0.11 abABC 4.26 ± 0.11 bc ABC 4.10 ± 0.11 abC 4.30 ± 0.11 bAB 4.36 ± 0.11 aA

0.17 bAB 4.18 ± 0.12 cAB 4.06 ± 0.11 abB 4.30 ± 0.13 abA 4.34 ± 0.10 aA

0.11 bA 4.20 ± 0.16 cA 4.21 ± 0.15 aA 4.24 ± 0.11 bA 4.24 ± 0.15 abA

0.12 bAB 4.16 ± 0.16 cAB 3.95 ± 0.12 cB 4.26 ± 0.13 bA 4.12 ± 0.11 bAB

0.11 bA 0.85 ± 0.11 bA 0.80 ± 0.11 aA 0.77 ± 0.13 aA 0.75 ± 0.12 aA

0.15 abA 0.95 ± 0.11 abA 0.82 ± 0.11 aA 0.75 ± 0.11 aA 0.82 ± 0.12 aA

0.13 aA 0.92 ± 0.12 abA 0.84 ± 0.11 aA 0.78 ± 0.14 aA 0.75 ± 0.11 aA

0.12 aA 0.95 ± 0.15 abA 0.81 ± 0.12 aA 0.77 ± 0.13 aA 0.83 ± 0.14 aA

0.12 aA 1.00 ± 0.12 aA 0.80 ± 0.11 aA 0.70 ± 0.12 aA 0.80 ± 0.11 aA

0.35 aE 8.33 ± 0.28 aE 23.46 ± 0.77 aA 20.56 ± 0.15 aB 21.26 ± 0.23 aBC

0.10 aE 9.06 ± 0.53 aE 24.16 ± 1.03 aA 21.13 ± 0.58 aB 21.70 ± 0.16 aBC

0.58 aE 9.20 ± 0.10 aE 25.46 ± 2.90 aA 20.93 ± 0.15 aB 20.86 ± 0.68 aBC

0.58 aE 9.20 ± 0.10 aE 15.46 ± 2.89 aA 20.93 ± 0.15 aB 20.86 ± 0.68 aBC

0.34 aE 8.91 ± 0.17 aE 23.00 ± 1.47 aA 21.50 ± 0.26 aB 17.10 ± 1.44 BC

± 0.25 aA 85.93 ± 0.28 aA 83.03 ± 0.35 aA 84.03 ± 0.19 aA 83.65 ± 0.13 aA

± 0.18 aA 86.15 ± 0.25 aA 82.97 ± 0.14 aA 83.77 ± 0.17 aA 83.52 ± 0.26 aA

± 0.19 aA 86.11 ± 0.35 A 82.99 ± 0.17 aA 84.02 ± 0.24 aA 85.97 ± 2.29 aA

± 1.52 A 74.49 ± 0.64 bB 77.67 ± 5.92 bB 83.46 ± 0.90 aA 83.36 ± 0.29 aA

± 4.87 bA 73.39 ± 1.10 bA 71.95 ± 4.32 cA 71.83 ± 1.93 bA 72.55 ± 1.44 bA

0.26 aA 3.39 ± 0.20 aA 3.57 ± 0.16 aA 3.23 ± 0.17 aA 3.1 ± 0.13 aA

0.14 aA 3.41 ± 0.31 aA 3.6 ± 0.15 aA 3.31 ± 0.14 aA 3.24 ± 0.16 aA

0.12 aA 3.49 ± 0.16 aA 3.59 ± 0.12 aA 3.36 ± 0.14 aA 3.19 ± 0.15 aA

1.08 aA 2.82 ± 0.11 aA 2.89 ± 0.35 aA 3.24 ± 0.32 aA 3.23 ± 0.51 aA

0.78 aA 2.74 ± 0.18 aA 2.41 ± 0.24 aA 2.57 ± 0.33 aA 2.47 ± 0.33 aA

± 0.18 aA 10.15 ± 0.18 aA 10.15 ± 0.19 aA 10.19 ± 0.15 aA 10.81 ± 0.13 abA

0.12 aB 10.10 ± 0.12 aB 10.18 ± 0.13 aB 10.20 ± 0.19 aB 11.19 ± 0.16 aA

± 0.19 aB 10.11 ± 0.19 aB 10.25 ± 0.13 aB 10.15 ± 0.12 aB 11.28 ± 0.19 aA

± 0.20 aA 8.35 ± 0.59 bC 9.47 ± 0.262 aB 9.52 ± 0.13 abB 10.79 ± 0.13 abA

0.19 bB 8.62 ± 0.12 bB 8.23 ± 0.13 bB 9.03 ± 0.19 bAB 9.98 ± 0.10 bA

rs indicate statistically significant differences at p � 0.05 between formulations of
n followed by different lower-case letters indicate statistically significant differences
sucrose; SUCRA, sucralose; XYL, xylitol; ST-A, stevia, 90% rebaudioside; ST-B, stevia,
polydextrose.
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product (p � 0.05). The XYL yoghurt presented similar TSS to the
SUC yoghurt (p > 0.05). Finally, the yoghurts with added erythritol
(ERY, ERY-O and ERY-P) presented higher TSS than the control
(SUC). During storage, the TSS values were maintained in all
yoghurt formulations (p > 0.05).

Colour parameters of the yoghurt formulations are presented in
Table 4. All the yoghurt formulations presented slightly yellow
colour (L* ¼ 70e86, a* ¼ 2.4e3.9 and b* ¼ 8.2e11.2). Addition of
sugar substitutes did not have an impact on the colour parameters
of the products, as the sweetener added products (XYL, SUCRA, ERY,
ERY-O, ERY-P, ST-A and ST-B) had similar L*, a* and b* values to the
sucrose added yoghurt during storage (p > 0.05). The only excep-
tion was for ST-A and ERY-P on day 21. Maintenance of the yoghurt
colour is important, because the consumers expect a white or light-
yellow product when buying non-flavoured yoghurts. During
storage, all formulations darkened and became less reddish, as
decreases in L* and b* parameters were observed (p � 0.05). The
opaque white colour of milk is related to the presence of protein,
mainly casein (Aryana, Barnes, Emmick, McGrew, & Moser, 2006).
During storage, proteolysis occurs, mainly because of the activity of
the proteases from starter and probiotic cultures. Therefore, dark-
ening could be related to some proteolysis that might have
occurred (Costa, Junior, Rosa, Caliari, & Pimentel, 2017).

Thephysicochemical results indicate that additionof L. casei to all
yoghurt formulations and substitution of sucrose by various
sweeteners did not result in excessive acidification during storage
and/or technological problems during the fermentation of the
product, resulting inyoghurtswith suitable pH and titratable acidity
at 5hof fermentation,which is the time commonlyusedby thedairy
industries. Substitution of sucrose with sweeteners and prebiotics
maintained colour and physicochemical stability of the yoghurts
during storage. The addition of erythritol caused an initial lower pH,
and this should be evaluated, as it can be related to decreased pro-
biotic viability and consumer acceptance (Janu�ario et al., 2017).

3.3. Texture characteristics

Texture characteristics of the yoghurt formulations are pre-
sented in Table 5. Addition of XYL resulted in a yoghurt with similar
Table 5
Texture characteristics of yoghurt formulations containing various sweetening systems.a

Parameter Storage
day

Formulations

SUC SUCRA XYL ST-A

Firmness (g) 1 69.0 ± 2.1 aCD 55.7 ± 1.2 bE 70.1 ± 2.4 aC 95.4
7 69.3 ± 0.9 aABC 58.9 ± 6.8bD 75.9 ± 5.5 aA 67.1
14 53.9 ± 1.8 bCD 52.5 ± 0.6cD 60.1 ± 4.3cBC 62.7
21 67.9 ± 8.2aBC 68.0 ± 2.6aBC 72.9 ± 1.9abAB 65.5
28 69.2 ± 1.0 aB 63.2 ± 2.4abCD 68.5 ± 1.5 bBC 61.8

Consistency (g s) 1 408.7 ± 9.6aD 342.7 ± 13.0 bE 443.9 ± 11.6 abCD 634.9
7 441.4 ± 2.7aBC 365.2 ± 36.7bD 499.5 ± 52.6aAB 395.6
14 314.4 ± 1.2 bC 319.5 ± 7.5bC 365.1 ± 33.9bBC 383.6
21 427.6 ± 61.4 aBC 435.5 ± 37.7aBC 461.3 ± 36.2abAB 393.1
28 436.6 ± 24.3 aA 371.6 ± 16.9bB 437.9 ± 13.7bA 351.6

Cohesiveness (g) 1 42.9 ± 3.6aB 25.9 ± 2.6 abD 42.6 ± 3.0abB 64.0
7 40.2 ± 1.1 aA 27.1 ± 6.1aB 47.1 ± 5.6 aA 36.18
14 22.3 ± 1.3 bAB 16.1 ± 8.4bB 26.8 ± 1.3 cAB 32.8
21 34.6 ± 7.9aA 36.1 ± 6.5aA 37.5 ± 2.5abA 31.3
28 37.0 ± 1.3aA 30.3 ± 6.3 aABC 34.5 ± 2.2 bcAB 24.9

Viscosity
index (g s)

1 36.7 ± 4.6 aC 21.8 ± 2.6 bcD 36.6 ± 2.3abC 66.4
7 33.9 ± 0.2 aAB 18.4 ± 8.9bcC 39.9 ± 8.9 aA 30.1
14 17.4 ± 2.0 bB 14.5 ± 1.3 cB 23.3 ± 4.9 cAB 27.9
21 31.7 ± 8.0 aAB 35.3 ± 3.3aA 35.4 ± 3.2 abA 26.3
28 33.5 ± 1.1 aA 23.2 ± 3.3 bB 31.6 ± 1.5 bAB 15.3

a Means ± standard deviation in the same row followed by different upper-case lette
yoghurts for the same storage day (n¼ 6); means ± standard deviation in the same colum
at p � 0.05 for each formulation affected by storage time (n ¼ 6). Abbreviations are: SUC,
20% rebaudioside; ERY, erythritol; ERY-O, erythritol þ oligofructose; ERY-P, erythritol þ
texture characteristics (firmness, cohesiveness, consistency and
viscosity index) to the SUC yoghurt during refrigerated storage
(p > 0.05). Addition of SUCRA resulted in a product with lower
firmness, consistency, cohesiveness and viscosity index on the 1st
day of storage when compared with the product with sucrose
(p � 0.05). This difference could be attributed to the fact that
sucralose was added in a low amount (0.6 g L�1) and did not
contribute to the texture characteristics of the yoghurts as sucrose
does (Carocho et al., 2017). During storage, the sucralose added
yoghurt behaved similarly to the sucrose yoghurt, with decrease in
texture parameters (firmness, cohesiveness, consistency and vis-
cosity index) until day 14 and then increased until day 28
(p � 0.05), with final values similar to initial values (p > 0.05).

Addition of stevia (ST-A or ST-B) resulted in a product with
initial higher values for the texture parameters (firmness, consis-
tency, and viscosity index) (p � 0.05) than the sucrose yoghurt
(SUC, day 1). Considering the cohesiveness, only ST-A formulation
presented higher values than the control (SUC, p � 0.05). The in-
crease in the texture parameters provided by stevia could be related
to the formation of stronger networks due to hydrophobic in-
teractions and interactions with milk proteins. Hern�andez-
Rodriguez, Lobato-Calleros, Ramírez-Santiago, Rodríguez-Huezo,
and Meraz (2017) observed that the substitution of sucrose by
stevia resulted in yoghurts with a more compact gel network, in
which the presence of non-micellar material was observed be-
tween casein clusters. The impact of stevia addition on the increase
of firmness was also reported by Gao et al. (2017) when replacing
sucrose by stevia in muffins. Products with stevia (ST-A or ST-B)
presented lower texture parameters values at the end of storage
(day 28) (p � 0.05). Thus, interactions provided by stevia addition
weakened during the storage period, resulting in decreases in the
texture parameters values.

Addition of erythritol increased firmness and consistency
(p� 0.05), with no significant impact on cohesiveness and viscosity
index (p > 0.05, day 1). The erythritol was added in a higher con-
centration (240 g L�1) than the sucrose (120 g L�1) and this product
had lower pH on the 1st day of storage (Table 4), resulting in a
firmer and more consistent product. During storage, the ERY
yoghurt behaved similarly to the SUC yoghurt. Addition of
ST-B ERY ERY-O ERY-P

± 3.2aA 85.5 ± 2.9 aB 89.5 ± 1.3 aAB 62.7 ± 1.8 cD 73.7 ± 2.9 aC

± 1.9 bBC 63.4 ± 4.4 bCD 75.3 ± 3.2bA 71.9 ± 3.5 abAB 74.4 ± 4.9 aA

± 1.8 bAB 55.5 ± 3.0 cCD 57.9 ± 3.9 cBCD 67.8 ± 1.9 bcA 66.7 ± 5.6 bA

± 5.4 bCD 60.6 ± 3.0 bcD 75.6 ± 7.8 bA 76.6 ± 1.7 aA 72.2 ± 1.6abAB

± 9.8 bDE 55.6 ± 1.1 bcE 76.9 ± 5.5 bA 71.5 ± 0.6 abAB 74.9 ± 5.6 aAB

± 23.6 aA 556.2 ± 31.1 aB 573.5 ± 10.1 aB 388.3 ± 11.8 cDE 474.5 ± 29.4abC

± 18.3bCD 383.4 ± 33.9 bD 484.9 ± 30.8 bAB 474.3 ± 25.7 abAB 477.9 ± 66.9 abAB

± 9.0bAB 321.6 ± 18.2 cdC 314.7 ± 62.6 cC 430.8 ± 26.3 bcA 421.1 ± 52.3 bAB

± 46.7bCD 365.8 ± 30.8 bcD 470.2 ± 75.8 bAB 512.7 ± 16.6 aA 473.2 ± 26.5 abAB

± 59.8bBC 307.3 ± 1.5 dC 469.1 ± 48.7bA 456.9 ± 32.1 abA 488.5 ± 38.8aA

± 3.2 aA 50.6 ± 1.7 aB 47.7 ± 1.9aB 30.1 ± 3.1 aCD 41.3 ± 4.2 aBC

± 2.5 bAB 35.5 ± 6.2 bAB 39.1 ± 4.0 abA 40.3 ± 3.6 aA 43.1 ± 4.2 aA

± 2.9bcA 22.5 ± 2.7 cAB 23.5 ± 1.2 cAB 33.3 ± 2.8aA 30.6 ± 2.4 bA

± 3.5bcAB 22.5 ± 3.5cB 37.6 ± 2.4abA 40.2 ± 3.9aA 34.9 ± 3.5abA

± 9.0cBC 20.1 ± 1.5 cC 36.5 ± 6.9 bA 34.2 ± 1.0 aAB 38.1 ± 5.9abA

± 1.6 aA 51.2 ± 8.2 aB 43.6 ± 1.4 aBC 26.6 ± 2.5bD 36.5 ± 2.9aC

± 2.8 aB 29.3 ± 5.2 bB 36.3 ± 3.9 bAB 35.16 ± 3.0abAB 38.16 ± 5.7 aA

± 1.9 bA 16.1 ± 4.9cB 17.9 ± 2.8cB 30.13 ± 1.5 bA 33.2 ± 4.3 bA

± 7.2 bB 15.6 ± 3.0cC 33.1 ± 9.9bAB 38.2 ± 0.9 aA 29.5 ± 1.9 abAB

± 5.5cC 17.6 ± 1.5cC 34.7 ± 6.7bA 29.5 ± 5.2bB 35.0 ± 5.2 abA

rs indicate statistically significant differences at p � 0.05 between formulations of
n followed by different lower-case letters indicate statistically significant differences
sucrose; SUCRA, sucralose; XYL, xylitol; ST-A, stevia, 90% rebaudioside; ST-B, stevia,
polydextrose.
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prebiotics to the products with erythritol improved the texture
characteristics (firmness), resulting in products (ERY-O and ERY-P)
similar to the control (SUC) (p > 0.05).

The results of the texture parameters, in a general view,
demonstrated that the substitution of the sucrose with different
types of sweeteners had impact on the texture characteristics of the
products. It is important to observe if these alterations result in a
negative impact on the consumer acceptance of the products.
Xylitol was the only sweetener that did not have impact on the
texture characteristics compared with the product with sucrose.

3.4. Sensory acceptance

Results of the sensory acceptance of the yoghurts formulations
are presented on Table 6. Consumers evaluated the yoghurt for-
mulations with scores between 4.6 and 8.1 on a 9-point scale,
indicating that they disliked slightly some formulations and liked
very much other formulations. Only the formulation with stevia B
(ST-B) presented scores on the dislike part of the scale (<5).

Sucralose and xylitol effectively acted as sugar substitutes, as the
formulations showed similar acceptance to the product with su-
crose in all evaluated attributes (appearance, aroma, flavour,
texture and overall impression) on 1st and 28th day of storage
(p > 0.05). These results are compatible with those observed for the
physicochemical (Table 4) and texture (Table 5) characteristics of
yoghurts, with no negative impact of the addition of these com-
ponents on pH, titratable acidity, TSS and colour parameters. Lower
firmness, cohesiveness, consistency and viscosity index observed in
products with sucralose on the 1st day of storage did not have a
negative impact on acceptance of the product by consumers. In fact,
sucralose is recognised as the most suitable artificial sweetener to
replace sucrose (Furlan & Campderr�os, 2017). The present study
demonstrates that this artificial sweetener can be replaced by a
natural sweetener (xylitol) without impairment to the physico-
chemical and sensorial characteristics of products.

Addition of ERY resulted in a product with decreased acceptance
(appearance, flavour, texture and overall impression) when
compared with sucrose added product (SUC) only on the 1st day of
storage (p� 0.05). On the 28th day, both products presented similar
acceptance in all evaluated attributes (p > 0.05). Reduced accep-
tance may be related to lower pH (Table 4) and higher values in
texture parameters (firmness and consistency) (Table 5) of this
product on the 1st day of storage. One solution to this problem
would be to stop the fermentation process at a higher pH and, thus,
keep the texture parameters closer to the product with sucrose. It is
Table 6
Sensory acceptance of yoghurt formulations containing various sweetening systems.a

Parameter Storage day Formulations

SUC SUCRA XYL

Appearance 1 7.9 ± 1.9 Aa 7.8 ± 2.0 Aa 7.9 ± 1.8 Aa

28 7.6 ± 1.8 Aa 7.5 ± 1.9 Aa 7.3 ± 2.1 ABa

Aroma 1 7.7 ± 1.8 Aa 7.6 ± 2.0 Aa 7.6 ± 2.0Aa

28 6.6 ± 1.8Ab 6.2 ± 2.3Ab 6.5 ± 2.0Ab

Flavour 1 8.1 ± 1.9Aa 7.6 ± 2.0Aa 7.7 ± 2.0Aa

28 6.9 ± 2.0Ab 7.0 ± 2.2Aa 6.7 ± 2.2Aa

Texture 1 7.9 ± 1.7Aa 6.8 ± 1.9Aa 7.3 ± 2.0ABa

28 7.1 ± 2.0Aa 7.0 ± 1.8Aa 7.0 ± 2.2Aa

Overall impression 1 7.8 ± 1.8Aa 7.3 ± 2.0ABa 7.8 ± 2.0Aa

28 6.9 ± 1.8ABb 7.1 ± 2.1Aa 6.9 ± 2.0ABa

Purchase intention 1 4.2 ± 1.2Aa 4.0 ± 1.2ABa 4.2 ± 1.5ABa

28 3.5 ± 1.3Ab 3.7 ± 1.3Aa 3.6 ± 1.5Ab

a Means ± standard deviation in the same row followed by different upper-case lette
yoghurts for the same storage day (n ¼ 58); means ± standard deviation in the same c
ferences at p� 0.05 for each formulation affected by storage time (n¼ 58). Abbreviations a
stevia, 20% rebaudioside; ERY, erythritol; ERY-O, erythritol þ oligofructose; ERY-P, eryth
important to mention, however, that the ERY product had scores in
the overall impression higher than 6, demonstrating that the con-
sumers slightly liked this yoghurt.

The products with addition of prebiotics (ERY-O and ERY-P)
showed lower acceptance in flavour and overall impression (ERY-
O only on day 1, and ERY-P on days 1 and 28) (p < 0.05) when
compared with the product with sucrose. Also, product with oli-
gofructose (ERY-O) presented lower acceptance on texture on day 1
(p < 0.05). As there were no differences in pH and titratable acidity
of yoghurts (Table 4), prebiotics may have altered the taste of the
formulated yoghurts in someway, which was already mentioned in
previous studies (Heydari et al., 2018; Pimentel, Prudêncio, &
Rodrigues, 2011). Addition of prebiotics to the product with
erythritol (ERY-O and ERY-P) resulted in improved texture accep-
tance, corroborating the results observed instrumentally (Table 5).
The suggestion is to reduce the concentration of the prebiotics in
the products (that was 6%) to reduce their negative impact on the
flavour of the products, provided that their efficiency as a functional
component is guaranteed. It is important to mention that oligo-
fructose performed better than polydextrose, with the ERY-O
product presenting score in the overall impression higher than 6
(slightly liked).

Addition of stevia (ST-A and ST-B) resulted in decreased accep-
tance in flavour, overall impression, purchase intention and texture
(day 1) comparedwith the sucrose product (p < 0.05). The results of
texture acceptance corroborate those observed instrumentally, as
products with stevia showed higher values in texture parameters
on the 1st day of storage (Table 5). Lower acceptance in flavour is
possibly related to the residual bitter taste of this sweetener
(Oleson & Murphy, 2017). The ST-B had lower scores than the ST-A
in the attributes evaluated in the 28th of storage (p � 0.05), indi-
cating that an increase in rebaudioside content has an influence on
acceptance of the yoghurts by the consumer mainly in those
already stored. Therefore, due to the results obtained, it is sug-
gested to use preferentially stevia with a higher rebaudioside
content. Subsequent studies should evaluate alternative ways of
reducing the residual bitter taste of this sweetener, such as use of
fruit pulps in yoghurt flavouring. Furthermore, descriptive tests
with trained panel should be conducted to better elucidate the
differences among the yoghurt formulations.

3.5. Probiotic viability

Probiotic survival in the formulated yoghurts is presented in
Fig. 1. All formulations had L. casei counts higher than 107 cfu mL�1
ST-A ST-B ERY ERY-O ERY-P

7.4 ± 1.9Aa 7.5 ± 2.5 Aa 6.5 ± 1.6Ba 7.4 ± 2.0 ABa 7.2 ± 2.4 ABa

7.4 ± 2.0ABa 6.6 ± 2.3Bb 7.1 ± 1.8 ABa 7.1 ± 1.8ABa 7.0 ± 2.2ABa

6.8 ± 1.9Aa 6.8 ± 2.3Aa 6.9 ± 2.4Aa 6.9 ± 1.9 Aa 7.1 ± 2.3 Aa

6.3 ± 2.2Aa 5.8 ± 2.2Ab 6.2 ± 2.0Aa 6.5 ± 1.8Aa 6.2 ± 2.4 Aa

5.3 ± 2.4BCa 5.0 ± 2.4Ca 6.2 ± 2.3BCa 6.4 ± 2.3Ba 6.3 ± 2.6Ba

5.7 ± 2.2Ba 4.6 ± 2.4Ca 6.2 ± 2.4Aa 5.9 ± 2.4Ba 5.5 ± 2.2BCa

6.6 ± 2.1Ba 6.6 ± 2.3Ba 5.8 ± 2.2Ca 6.5 ± 1.9Ba 7.0 ± 1.8Aa

6.7 ± 2.0Aa 5.7 ± 2.4Ba 6.63 ± 2.4Aa 6.1 ± 2.0Aa 6.1 ± 2.3Aa

6.0 ± 2.2Ca 5.6 ± 2.4Ca 6.2 ± 2.4Ca 6.7 ± 1.9BCa 6.6 ± 1.8BCa

6.0 ± 2.1Ba 5.0 ± 2.5Ca 6.1 ± 2.0Ba 6.4 ± 2.0Ba 5.8 ± 2.3Ca

2.7 ± 1.2Ca 2.9 ± 1.2Ca 3.5 ± 1.2BCa 3.3 ± 1.4BCa 3.2 ± 1.3BCa

2.9 ± 1.5BCa 2.5 ± 1.2Ca 3.1 ± 1.3ABa 3.0 ± 1.2BCa 2.8 ± 1.5BCa

rs indicate statistically significant differences at p � 0.05 between formulations of
olumn followed by different lower-case letters indicate statistically significant dif-
re: SUC, sucrose; SUCRA, sucralose; XYL, xylitol; ST-A, stevia, 90% rebaudioside; ST-B,
ritol þ polydextrose.



Fig. 1. Viability (log cfu mL�1) of the Lactobacillus casei in formulations of yoghurts during cold storage (7 �C). The error bars represent the standard deviation (n ¼ 6). Different
lowercase letters indicate statistically significant differences at p � 0.05. Days of storage: , 1; , 7; , 14; , 21; , 28. SUC, sucrose; SUCRA, sucralose; XYL, xylitol; ST-A, stevia, 90%
rebaudioside; ST-B, stevia, 20% rebaudioside; ERY, erythritol; ERY-O, erythritol þ oligofructose; ERY-P, erythritol þ polydextrose.
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during storage, which is high than theminimum count necessary to
consider a product as probiotic (106 cfu mL�1: Savedboworn et al.,
2017; Sangami & Sri, 2017). Thus, regardless of addition of sucrose,
sweeteners or prebiotics, all formulated yoghurts could be
considered probiotic after 28 days of refrigerated storage (7 �C).

Addition of the sweeteners SUCRA, XYL, ST-A, ST-B, and ERY did
not impact on the probiotic survival during processing, as these
formulations presented similar probiotic viability (p > 0.05) to the
sucrose added product on the 1st day of storage. The results indi-
cate that the lower pH observed for the ERY formulation had no
influence on the probiotic viability (p > 0.05). These formulations
behaved similar to the control (SUC) during the storage period, with
maintenance of the probiotic culture viability (SUCRA, XYL, ERY, ST-
B) (p > 0.05) or slight increase of their counts (ST-A) (p � 0.05)
when comparing the products on the 1st and 28th day of storage. In
a general, therewas a decrease in the probiotic counts in themiddle
of the storage time and an increase until the end of storage
(p � 0.05). Similar behaviour was observed in previous studies
(Janu�ario et al., 2017; Pimentel et al., 2012). The initial loss of
viability of probiotic cultures may be related to the decrease in pH
Fig. 2. Viability (log cfu mL�1) of the Lactobacillus casei in formulations of yoghurts during si
and 28 ( , initial and , after SGIC). The error bars represent the standard deviation (n ¼ 6).
sucrose; SUCRA, sucralose; XYL, xylitol; ST-A, stevia, 90% rebaudioside; ST-B, stev
erythritol þ polydextrose.
during storage (Table 4), due to the accumulation of organic acids.
Further recovery of the viability can be related to the free amino
acids released during storage and to the adaptation of the cultures
to the environment (Janu�ario et al., 2017).

Addition of oligofructose (ERY-O) resulted in higher counts of
the probiotic cultures in the initial weeks of storage (days 1, 7, 14
and 21) when compared with the product without oligofructose
(ERY). The addition of polydextrose (ERY-P) resulted in higher
counts on days 7, 14 and 21. The probiotic counts at 28th day of
storage in ERY, ERY-P and ERY-O yoghurts were similar (p > 0.05),
but higher than those found in the control (SUC) (p � 0.05).
Therefore, oligofructose and polydextrose acted as prebiotic com-
ponents in the yoghurts. It could be observed that the effect of
oligofructose on the protection of the viability of the probiotic
culture was higher than polydextrose. Marinaki, Kandylis,
Dimitrellou, Zakynthinos, and Varzakas (2016) also observed a
protective effect of the prebiotic raffinose on the viability of L. casei
ATCC 393 in yoghurts during 4 weeks of storage at 4 �C.

Probiotic survival in the formulated yoghurts during SGIC is
presented in Fig. 2. The L. casei probiotic culture survived trough the
mulated gastrointestinal conditions on (left to right) days 1 ( , initial and , after SGIC)
Different lowercase letters indicate statistically significant differences at p � 0.05. SUC,
ia, 20% rebaudioside; ERY, erythritol; ERY-O, erythritol þ oligofructose; ERY-P,
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gastrointestinal conditions in all evaluated yoghurts, presenting
counts higher than 104 cfu mL�1. Thus, a 2e3 log reduction of
probiotic cultures was observed during passage through stomach
and intestine simulated conditions. Survival of the probiotic culture
in the present study was slightly higher than observed in previous
studies, with reductions of 3.1e6.7 log cfu mL�1 in the counts of
L. casei and Lactobacillus acidophilus (Krasaekoopt&Watcharapoka,
2014) and 3.2e4.7 log cfu mL�1 for L. acidophilus (Bedani, Rossi, &
Saad, 2013) in yoghurts after SGIC. Millete, Nguyen, Amine, and
Lacroix (2013) suggested that, for the probiotic culture to exert its
beneficial effects on the host, it must be able to survive and reach
the GI tract in sufficient numbers, at least 106e107 cfu g�1. The
products with sucrose and xylitol presented these counts even after
the passage throughout the entire gastrointestinal tract. The au-
thors also note that products with probiotic survivals between 1
and 5 log cfu g�1 are considered of limited gastrointestinal resis-
tance (Millete et al., 2013). Therefore, all the other formulations of
this study presented limited gastrointestinal resistance. However, it
is important to mention that in vitro and in vivo studies should be
performed to finally conclude the optimum probiotic survival
necessary to observe the expected health effects (Klingberg &
Budde, 2006).

Addition of the sweetener XYL did not impact probiotic survival
during simulated gastrointestinal conditions when compared with
the conventional product (SUC) (p > 0.05). The addition of SUCRA,
ERY, ST-A and ST-B resulted in decreased counts of probiotic cul-
tures after SGIC (p � 0.05). However, the decrease after SGIC was
only in the samples stored for 28 days with the SUCRA and ERY
formulations, while for formulations with stevia the diminution
was observed in samples stored for 1 and 28 days. Probably, stevia
had an inhibitory activity on the probiotic survival, which was not
observed in the product but in the SGIC. Deniņa, Semjonovs,
Fomina, Treimane, & Linde (2014) reported that the growth of
Lactobacillus reuteri strains was inhibited in the presence of stevia
sweeteners stevioside and rebaudioside A. The observation of the
inhibitory effect only in SGIC can be related to the harsh environ-
ment and to the lower protection exerted by the dairy matrix in this
condition.

Furthermore, the addition of the prebiotics (ERY-O and ERY-P)
protected the probiotic cultures during SGIC when compared
with product without prebiotics (ERY), with probiotic counts
similar (p > 0.05) to those observed for the conventional product
(SUC, except ERY-P on day 28). Oligofructose and polydextrose are
available substrates for probiotic culture metabolism, serving as a
carbon source for the maintenance of the cell. Furthermore, they
can prevent injuries caused by acidity or provide a physical pro-
tection from damage caused by the environment (Delgado-
Fern�andez, Corzo, Olano, Hern�andez-Hern�andez, & Moreno, 2019;
Pimentel, Madrona, Garcia, & Prudencio, 2015).

From the results observed in the present study, none of the
sweeteners have a negative impact on probiotic survival during
storage of yoghurts. During SGIC, stevia (A and B) and erythritol had
a slightly negative impact, with decreases of 0.5e1 log in the pro-
biotic counts in comparison with control formulation (SUC). How-
ever, suitable probiotic counts were observed in the yoghurts
during storage (>107 cfu mL�1) and after SGIC (>104 cfu mL�1). This
is an interesting result, since dairy industries are trying to develop
probiotic products without added sugar, focussing on the diabetic
public and on people with health habits.

4. Conclusions

Xylitol and sucralose could be considered sucrose substitutes in
yoghurt formulations, as their addition resulted in products with
physicochemical characteristics (pH, titratable acidity, TSS, colour
parameters L*, a* and b*), sensory acceptance and probiotic survival
in the product similar to that in the yoghurt with sucrose. Xylitol
was more efficient than sucralose in the maintenance of the texture
characteristics of the yoghurts and probiotic survival during SGIC.
Therefore, this study proved that sucralose can be replaced by a
natural sweetener (xylitol).

Addition of erythritol caused an initial low pH and increased
texture parameters (firmness and consistency), which resulted in a
decreased acceptance of the products on the 1st day of storage and
lower probiotic survival in SGIC on the 28th day of storage.
Therefore, it is advisable to stop the fermentation of erythritol
added products at higher pH values. Addition of stevia resulted in
initial increased texture parameters, decreased acceptance by
consumers (mainly on the flavour) and lower probiotic survival in
SGIC. Stevia with a higher rebaudioside content performed better,
therefore, it is recommended to select this type of stevia to use in
yoghurt formulations. Addition of oligofructose or polydextrose as
prebiotics resulted in improved texture and probiotic survival,
however, these components had a negative impact on the flavour of
the products. Future studies should evaluate decreasing the pre-
biotic concentration in the products and study more deeply the
impact of addition on flavour. Independently of the sucrose,
sweetener or prebiotic addition, all formulations could be consid-
ered probiotic products during the entire shelf life (28 days at 7 �C)
with counts higher than 107 cfu mL�1 in the product and higher
than 104 cfu mL�1 after SGIC.
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