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Abstract
Yeasts have been used for centuries for the leavening of bread. The main emphasis on the selection of yeast strains has 
been in relation to wheat products. This study is the first evaluation of different yeasts coming from the baking and brewing 
industry in a gluten-free system. Five different yeast strains (US-05, WB-06, T-58, S-23 and baker’s yeast) of the species 
Saccharomyces cerevisiae were evaluated for their suitability to leaven gluten-free dough. A wide range of dough quality 
characteristics such as the time and temperature-dependent rising behaviour, the chemical composition of the dough and 
the pH were determined. In addition to this, the bread quality attributes like, volume, texture, structure, aroma and flavour 
were evaluated. Obtained results indicated different activity levels between the selected yeast strains. Doughs prepared with 
US-05 showed a slower dough rise during proofing and a decreased height, in comparison to the baker’s yeast control. The 
application of WB-06 and T-58, however, resulted in a faster dough rise and increased dough height with greater gas cells (p 
< 0.05). These observations were also found in the baked breads, where these two yeasts reached a higher specific volume 
and a softer breadcrumb than the baker’s yeast bread (p < 0.05). Statistical analysis revealed strong correlations (p < 0.05) 
between activity level, dough properties and bread properties. Results obtained showed that the selected yeast strains reached 
different level of activity due to diverse preferences in temperature, time and sugars. Yeast strains which originated from the 
brewing industry were found to be suitable for gluten-free bread making.
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Introduction

The preparation of bread by yeast fermentation is one of 
the oldest biochemical processes in the world [1]. Saccha-
romyces cerevisiae (or baker’s yeast) is the commonly used 
yeast, which is the primary leavening agent in bread prod-
ucts [2]. Fermentation plays a key role in the bread-making 
process, as it can improve texture, structure, taste and flavour 
in the final product [2]. In recent years, the effect of yeast 
modification and replacement by alternative yeast strains 

in the bread-baking process has become a topic of inter-
est. Studies focused on the harvesting time of baker’s yeast 
at different physiological phases [3] or the replacement of 
baker’s yeast by beer yeasts [4]. Beer yeast strains are known 
to have optimized metabolism suitable for beer making in 
terms of flavour compounds and alcohol production. On the 
other hand, baker’s yeast focuses on a fast fermentation and 
uniform dough leavening due to carbon dioxide production 
[5]. Studies by Heitmann et al. [4, 6] demonstrated that the 
use of different S. cerevisiae strains showed significant dif-
ferences to the commonly applied baker’s yeast in wheat 
bread. It also was found that brewer’s yeast can improve 
quality parameters like the texture, structure and the aroma 
profile of bread.

However, people who suffer from coeliac disease or other 
gluten-related disorders cannot consume these products. For 
these individuals, a gluten-free diet is currently the only 
treatment for these disorders [7]. A recent study by Tsat-
saragkou et al. [8] stated that the gluten-free bread market 
still faces the main challenges of improving technological 
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quality parameters’ bread technology quality, an extension 
of shelf life and a balanced nutritional value. The applica-
tion of different yeast strains from the brewing and bak-
ing industry in gluten-free breads is a novel approach. It is 
believed that the different strains influence the final gluten-
free bread properties due to different gas cell expansion and 
interactions. Not only the influence on the dough and bread 
parameters but also aroma and flavour profile of breads can 
be influenced by the application of different yeasts and their 
individual fermentation process [9]. Bircher et al. [10] iden-
tified a wide range of aroma-active volatiles within the yeast 
metabolism. The change of this flavour and aroma profiles, 
using different yeasts has become a further topic of commer-
cial interest. Since some of the aroma profiles are considered 
as quality parameters for bread products [10–12], especially, 
the aroma and flavour profiles of gluten-free breads are still 
considered as improvable by the consumers. Hence, the 
modification of these profiles by the application of differ-
ent yeasts could improve the perception and acceptance of 
gluten-free products.

To the author’s knowledge, this study is the first study to 
apply different yeast strains which are commonly used in the 
brewing industry in a gluten-free bread system. During the 
fermentation process yeast produces mainly carbon dioxide 
and ethanol, but also secondary metabolites, such as glyc-
erol, organic acids and flavour compounds, which have an 
impact on the final product quality [13]. The effects of yeast 
on bread quality characteristics include the volume, struc-
ture, flavour and shelf life of each fermented product [2]. 
Based on the specific characteristics of various S. Cerevisiae 
yeast strains, the authors believe that their application will 
have significant influence on final gluten-free bread quality 

(Table 1). The main differences between the yeast strains are 
the optimum temperatures and their different tolerances to 
temperature changes. The optimal temperature for baker’s 
yeast is higher than in comparison to the beer yeasts. Despite 
the lower optimum temperatures for the yeast strain S-23 
and T-58 for fermentation, these two strains are described 
to have a faster fermentation at higher temperatures, which 
are close to the optimum temperature of baker’s yeast. A 
further important characterising of yeasts is the metabolism 
of different sugars of the various yeasts. Especially in a very 
refined system such as that of a gluten-free formulation, 
sugar sources are limited and usually constructed of mainly 
complex sugars. These sugars are usually only accessible to 
yeast fermentation when degraded by enzymes to smaller 
fermentable sugars. The gluten-free system in this study cre-
ates such case which consists of limited amounts and varie-
ties of sugar and further does not contain added enzymes for 
the breakdown of the complex sugars. The main component 
in the system is potato starch, which consists of about 92% 
total starch, 1% damaged starch, 0.02% protein and no lipids. 
Additionally, no enzyme activity (α- and β-amylase) was 
determined in this potato starch. This gluten-free bread sys-
tem is very refined and does not offer as many nutrients for 
yeast metabolism as the conventional wheat bread system. 
However, effects on the gluten-free bread quality param-
eters by the application of the various yeasts were expected. 
Therefore, five yeast strains of the S. cerevisiae family, 
namely, US-05, T-58, S-23, WB-06 and a control baker’s 
yeast have been selected and their effect on dough and final 
bread quality have been analysed. This study will broaden 
the understanding of the yeast on gluten-free dough char-
acteristics, bread quality parameters and sensory attributes.

Table 1  Properties of the different yeast strains

MalT maltosetriose, Mal maltose, Glu glucose, Dextr dextrins
+++ high; ++ moderate; + low
a Adapted from Heitmann et al. (Heitmann, Axel, Zannini, & Arendt, 2017) with modifications
b From yeast activity measurement

S. cerevisiae Applicationa Temperature optimum (°C)a Fermentation  timea Activity (cfu/g)b Dosage (%)b Sugar  metabolisma

MalT Mal Glu Dextr

Baker’s yeast Baked goods 25–30 Hours 1.06 E+09 2 ++ + + +
S-23 Lager 12–15 (27 faster) lower tem-

perature tolerance
Up to 14 days 5.18 E+08 4.1 ++ +++ +++ +

T-58 Ale 15–20 (32 faster) high tempera-
ture tolerance

2–3 days 5.5 E+08 3.86 ++ ++ ++ +++

US-05 Ale 15–22 high temperature toler-
ance

2–3 days 4.47 E+08 4.48 +++ + +++ ++

WB-06 Wheat beer 18–24 2–3 days 7.16 E+08 2.97 + ++ ++ ++
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Experimental

Materials

Potato starch was supplied by Emsland, Germany; pea pro-
tein by Roquette, France; pectin by Cp Kelco, Germany; 
sugar by Siucra Nordzucker, Ireland; salt by Glacia Brit-
ish Salt Limited, UK. Instant active dry Baker’s yeast was 
obtained from Puratos, Belgium; Dry yeast s-23, T-58, 
us-05 and wb-06 were supplied by Fermentis Division of 
S. I. Lesaffre, France. All the yeasts applied in this study 
belonged to the species S. cerevisiae. All chemicals were 
supplied by Sigma-Aldrich, Arklow, Ireland.

Compositional analysis

The total starch content of potato starch was determined 
according to AACC Method 76-13.01. The alpha- (AACC 
Method 22-02.01) and beta (K-BETA3)-amylase activities 
were determined using commercially available enzyme kits, 
supplied by Megazyme, Ireland. The total nitrogen content 
of the starch sample was determined according to the Kjel-
dahl method (MEBAK 1.5.2.1). To convert the nitrogen 
content into the protein content, the factor of 6.25 was used. 
The air oven method (AACC Method 44-15A) was applied 
to determine the moisture content of the samples. The deter-
mination of the lipid content was performed according to 
the Soxlet-method (AACC Method 30-25.01) with a pre-
digestion of the samples in HCl to release bound lipids.

Cell count

Cell viability (cfu/g) of the yeast powders was analysed by 
suspending 1 g freeze-dried yeast in 10 mL distilled water. 
From this stock solution, serial dilutions were prepared with 
Ringer’s solution and spread on malt extract agar (Merck, 
Germany) plates and incubated aerobically for 2 days at 
25 °C. Plates with 30–300 colonies were selected for yeast 
cell counts.

Total available carbohydrates

The total available carbohydrate level from freeze-dried 
dough and breadcrumb samples was determined spectro-
photometrically using an enzyme kit (K-TSTA) supplied by 
Megazyme, Ireland.

Sugars and acids

Sugar levels of dough and breadcrumb were analysed for 
glucose and fructose by an Agilent 1260 high-performance 

liquid chromatography system (HPLC) with a Hi-Plex H+ 
column (Agilent, Cork, Ireland) coupled to a refractive index 
detector (RID) at 35 °C. The sugars were extracted with dis-
tilled water for 20 min under shaking and then centrifuged 
at 3000g for 10 min. The HPLC analysis was performed at 
30 °C column temperature with water (HPLC-grade) at a 
flow rate of 0.6 mL/min. The analyses of citric acid, succinic 
acid and acetic acid were analysed with the same system, 
but with small modifications. Diode-array detection (DAD) 
and the HiPlex H+ Column at 65 °C were used to detect the 
acids. Samples were eluted with 0.005 M  H2SO4 at a flow 
rate of 0.5 mL/min.

Dough and bread crumb pH measurement

Dough pH before and after proofing was measured according 
to the AACC method 02-52.

Time‑ and temperature‑dependent rising behaviour 
of dough

The measurements were conducted using an Anton Paar 
MCR rheometer with the TruStrain™ option. A confined 
measuring system (CMS) was placed on the inset plate 
(I-PP25) of a plate–plate system (Fig. 1b). The CMS is a 
stainless-steel cylinder with the height of 33 mm and the 
inner diameter of 25 mm. A Peltier temperature device 
(PTD) was used as well as a convention temperature device 
(CTD) for temperature control (Fig. 1b). To mimic the proof-
ing properties, the PTD was set at 30 °C for 45 min with 
a constant normal force (FN) which was set to 0.00 N to 
ensure permanent contact between sample and upper plate. 
For determination of the oven spring and the determina-
tion of yeast activity during the baking process the tempera-
ture was increased to 90 °C with a heat rate of 4 °C /min. 
Recorded and calculated parameters were the max height 
(mm), which is the maximum height the dough reached dur-
ing the measurement. Further the slope during the fermen-
tation process (Slope 30 °C) and then during the baking 
process (Slope 90 °C) for determination of yeast activity was 
calculated. Also, the max height temperature (TMH) (°C) 
was recorded and used as an indicator for the heat tolerance 
of the various yeasts.

Bread production

Bread samples were prepared according to Horstmann et al. 
[14]. The formulation of the various breads included: 2% 
pectin, 2% pea protein, 2% salt, 4% sugar and 75% water 
based on starch weight. Amounts of yeasts were added 
according to their cell viability (Table 2). Dry ingredients 
were mixed and yeast was suspended in warm water (27 °C) 
and regenerated for a period of 10 min. Mixing was carried 
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out with a k-beater (Kenwood, Havant, UK) at low disk 
speed (level 1 of 6) for 1 min in a Kenwood Major Tita-
nium kmm 020 Mixer (Kenwood, Havant, UK). After the 
first mixing, the dough was scraped down from the bowl 
walls. A second mixing step of 2 min at higher disk speed 
(level 2 of 6) was applied. 300 g of batter were weighed 
into baking tins of 16.5 cm × 11 cm × 7 cm and placed in a 
proofer (KOMA, Netherlands) for 45 min at 30 °C and 85% 
relatively humidity (RH). The proofed samples were then 

baked for 45 min at 220 °C top and bottom heat in a deck 
oven (MIWE, Germany), previously steamed with 0.4 L of 
water. The breads were cooled for 2 h prior to analysis.

Bread analysis

The specific volume of the bread was determined using a 
Vol-scan apparatus (Stable Micro System, UK). The specific 
volume is calculated on the basis of loaf volume and weight. 

Fig. 1  a Example diagram for time- and temperature-dependent rising behaviour of dough. b Flow chart of methodology
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An image analysis system (Calibre Control International 
Ltd., UK) was used to analyse the breadcrumb structure, 
chosen parameters were the cell diameter and the number 
of cells per slice area. Crumb firmness was analysed using a 
Texture Profile Analyser (TA-XT2i, Stable Micro Systems, 
Godalming, England) with a 25 kg load cell, which com-
presses the breadcrumb with a 20 mm aluminium cylindrical 
probe. Bread samples were sliced into 20 mm slices and ana-
lysed with a test speed of 5 mm/s and a trigger force of 20 g, 
compressing the middle of the breadcrumb to 10 mm. The 
measurement with the various parameters was conducted 
on the baking day and 24 h after baking to monitor the stal-
ing process. Baked breads were stored in polythene bags 
(polystyrol-ethylene venyl alcohol-polyethylene).

Extraction of volatile aroma compounds by thermal 
desorption (TD) and quantification using GC–MS

To extract volatile compounds, samples were prepared by 
weighing 0.1 g of bread crumb into a clean glass thermal 
desorption (TD) tube to concentrate the volatile aroma 
compounds in a gas stream prior to injection (Perkin Elmer 
Turbomatrix 650). Subsequently, the aroma compounds 
were absorbed at 90 °C for 10 min. For the quantification 
of the aroma-active volatiles, a gas chromatography–mass 
spectrometry (GC–MS, Agilent 5977B MSD) with a Rxi 

624-Sil 20 m column and helium as a carrier gas was used. 
The details for the temperature profile are: start tempera-
ture: 35 °C (4 min) with an increase of 15°C/min to 220 °C 
(hold 1 min). The total run time was 17.3 min. For the 
detected compounds, a database search was conducted. 
The aroma compounds detected and analysed in this study 
by GC–MS TD were ethanol, acetic acid, 2,3-butanediol 
and 1-hydroxy-2-propanone.

Sensory analysis

Aroma profile analysis on bread samples was performed 
by a trained panel (training over 2 weeks based on refer-
ence sample) consisting of ten panellists. Training began 
by generating a consensus vocabulary for attributes and 
descriptors based on the control sample. The sensory 
evaluation was performed by each panellist individually 
in an isolated booth. All trainings and sensory analyses 
were performed in a sensory panel room at 21 ± 1 °C. 
Agreed descriptors are listed in Online resource 1. For the 
descriptive aroma profile, each breadcrumb sample was 
cut into slices (thickness 2 cm) and presented to panellists 
90 min after baking. The sensory scale was based on an 
unstructured line scale to describe the intensity of rated 
sensory attributes.

Table 2  Chemical and 
functional properties of the 
bread doughs containing the 
different yeast strains

Means in the same row with different letters are significantly different (≥ 3 = one-way ANOVA; ≥2 0 = t 
test, p < 0.05)
nd not detected

US-05 WB-06 T-58 S-23 Baker’s yeast

Total starch (dm)
 Dough (g/100 g) 84.78 ± 5.38a 81.54 ± 4.69a 82.71 ± 5.63a 84.13 ± 8.66a 78.00 ± 1.68a

 Bread (g/100 g) 82.09 ± 4.24ab 81.50 ± 4.14ab 75.97 ± 1.67b 78.57 ± 2.24b 87.27 ± 0.87a

Sugars
 Glucose
  Dough (g/100 g) 2.30 ± 0.60a 2.70 ± 0.18a 1.94 ± 0.54a 2.30 ± 0.04a 1.85 ± 0.14a

  Bread (g/100 g) 2.23 ± 0.45a 1.24 ± 0.05b 0.37 ± 0.07c 1.21 ± 0.09b 1.17 ± 0.02b

 Fructose
  Dough (g/100 g) 2.03 ± 0.24a 2.25 ± 0.12a 2.02 ± 0.03a 2.02 ± 0.03a 2.24 ± 0.10a

  Bread (g/100 g) 2.30 ± 0.41a 1.54 ± 0.54ab 1.12 ± 0.05b 1.55 ± 0.09ab 1.61 ± 0.03ab

pH
  Dough (−) 5.12 ± 0.04a 4.96 ± 0.01b 4.77 ± 0.04c 5.14 ± 0.01a 4.98 ± 0.03b

  Proofed dough (−) 4.88 ± 0.04a 4.84 ± 0.01ab 4.54 ± 0.01c 4.85 ± 0.10ab 4.72 ± 0.00b

  Bread (−) 5.26 ± 0.02ab 5.29 ± 0.02a 5.05 ± 0.03c 5.20 ± 0.03b 5.20 ± 0.04b

Dough rise
 SlopeFP (mm/min) 0.04 0.09 0.27 0.10 0.13
 SlopeBP (mm/min) 0.30 0.53 0.43 0.53 0.39
 MaxH (mm) 10.09 ± 0.04d 16.01 ± 0.59b 21.78 ± 0.29a 17.13 ± 0.21b 14.65 ± 0.93c

 TMH (°C) 82.01 ± 0.02c 89.92 ± 0.01a 83.10 ± 0.04b 89.91 ± 0.01a 74.96 ± 0.03d
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Statistical analysis

All measurements were performed at least in triplicate. 
The significance of the results was analysed using one-
Way ANOVA (R version 3.0.1). The level of significance 
was determined at p < 0.05. In addition, Pearson correla-
tion analysis (R version 3.0.1) was applied to find correla-
tion between yeast properties and the results of the baked 
products.

Results and discussion

Cell count

The viability of freeze-dried yeast cells was analysed to 
standardise the inoculum level of yeast for the baking of 
the various breads. The control yeast S. cerevisiae baker’s 
yeast had a cell count of 1.06E+09 cfu/g. The beer yeasts 
showed lower cell count in decreasing order: S. cerevisiae 
WB-06 7.16E+08 cfu/g; S. cerevisiae T-58 5.5E+08 cfu/g; 
S. cerevisiae S-23 5.18E+08 cfu/g and S. cerevisiae US-05 
4.74E+08 cfu/g. Comparable results were found by Heit-
mann et al. [4]. The addition levels of the yeast in the dough 
formulation were based on the concentration usually reached 
by the control yeast (S. cerevisiae baker’s yeast) (Table 1). 
When dried yeasts are used in bread, the non-viable cells 
need to be considered, since non-viable cells can release 
glutathione as a stress response [15–17]. In wheat doughs, 
the release of glutathione has a strong reducing effect which 
ultimately leads to a modification of the viscoelastic gluten 
network [16, 18]. Glutathione was further applied in a glu-
ten-free formulation and found to improve rice flour-based 
bread quality parameters [19]. The analysed bread system 
showed interactions between glutathione and the rice pro-
tein ‘glutelin’ resulted in an improvement of the volume and 
crumb structure of the bread. However, based on the lack 
of gluten, rice flour and glutelin in the used formulation in 

this study, the effect of glutathione on bread parameters was 
neglected.

Total starch

The total starch content of the doughs and breads was ana-
lysed to identify difference in the yeast performance. No 
significant differences between the total starch contents in 
the dough were found (Table 2). However, differences in the 
starch content of the final breads were detected. This indi-
cates different activities of the various yeast strains during 
processing. Breads baked with the S. cerevisiae strains T-58 
(75.97%) and S-23 (78.57%) showed the significant lowest 
amount of total starch. The control baked with S. cerevi-
siae baker’s yeast had the significant highest amount of total 
starch left (87.27%), suggesting a lower activity. Heitmann 
et al. [4] analysed the application of beer yeast strains in 
wheat bread and also found baker’s yeast to have the highest 
amount of starch left in the final bread. The authors men-
tioned that the lower content of total starch in the breads 
prepared with beer yeast resulted from their higher enzyme 
activities in comparison to baker’s yeast, which degrade 
starch into more fermentable sugars [20]. The values in the 
study by Heitmann et al. [4] showed lower total starch val-
ues, which is explained by the higher concentration of starch 
in this study as explained earlier in the introduction.

Sugars and acids

The analysis of fermentable sugars like glucose and fructose 
showed fluctuation and significant differences amongst the 
different yeasts (Table 3). All the yeasts showed a decrease 
in glucose and fructose after baking, confirming that all the 
yeast strains have metabolic activity. The sugar contents in 
the final bread of fructose and glucose showed the lowest 
values in the formulations with the addition of T-58, suggest-
ing a higher activity in comparison to the other yeasts. This 
functionality is hypothesised by the authors to be the result 
of the higher temperature tolerance and fast fermentation 

Table 3  Results of bread parameters baked with the different yeast strains

Means in the same row with different letters are significantly different (≥ 3 = one-way ANOVA; ≥2 0 = t test, p < 0.05)
nd not detected

Yeast strain US-05 S-23 WB-06 T-58 Baker’s yeast

Specific volume (mL/g) 1.96 ± 0.05d 2.18 ± 0.12c 2.50 ± 0.08b 3.43 ± 0.28a 2.42 ± 0.11b

Bake loss (g/100 g) 15.36 ± 0.25c 16.61 ± 0.28b 17.34 ± 0.79b 19.36 ± 1.18a 16.88 ± 0.38b

Number of cells (−) 3192.1 ± 205.2a 2517.056 ± 71.7c 2430.889 ± 195.0c 2297.529 ± 226.6d 2534.278 ± 124.7b

Cell diameter (mm) 1.43 ± 0.10d 2.00 ± 0.21c 2.43 ± 0.23b 3.69 ± 0.22a 2.54 ± 0.22b

Number of cells/slice area  (mm2) 0.805 ± 0.063d 0.560 ± 0.049c 0.490 ± 0.039b 0.377 ± 0.026a 0.508 ± 0.031b

Hardness (2 h) (N) 8.26 ± 1.26a 4.10 ± 1.18c 3.86 ± 0.50c 2.19 ± 0.46d 5.82 ± 0.92b

Hardness (24 h) (N) 29.91 ± 3.64a 14.62 ± 1.82c 16.67 ± 1.82b 6.33 ± 1.17d 16.75 ± 2.00b
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at higher temperatures in comparison to the remaining 
yeast strains (Table 1). It is well known that yeast activity 
can be influenced by many factors such as the pre-growth 
conditions of yeast, dough fermentation conditions, dough 
ingredients and the genetic background of the various yeast 
strains [21]. The acid analysis (citric acid, succinic acid, 
lactic acid and acetic acid) of the dough and bread samples 
formulated with the different yeasts did not find detectable 
quantities. Only quantities of acetic acid were found in bread 
samples as part of volatile compound analysis (Table 4). 
The detection of acetic acid during the volatile compound 
analysis is explained by the different detection limits of the 
two used detection methods. GC–MS used for the volatile 
compound analysis can detect compounds in ppm quantities 
while the detection limit of the HPLC is significantly higher. 
Acetic acid values measured by the GC were observed to 
be four times higher in bread crumbs baked with S. cer-
evisiae S-23 in comparison to the remaining yeasts. The 
lowest value was found in breadcrumbs of breads baked 
with US-05, which overall showed low amounts of volatile 
compounds. Acetic acid contributes to the overall aroma of 
baked goods [22]. Its organoleptic descriptors are vinegar, 
pungent and sour; hence, the differences in the amounts of 
acetic acid are assumed to influence the sensory evaluation. 
These small quantities, however, are not considered to affect 
the dough and bread properties or to contribute to the flavour 
or aroma profile. Based on the refined gluten-free system in 
this study in addition to the limited amount of oxygen in a 
dough system, the acid analysis suggests that the metabolic 
pathways of the various yeasts followed the alcoholic fer-
mentation, rather than the TCA cycle [6]. As discussed ear-
lier, the refined system was considered to not provide enough 
nutrients for the yeast to synthesise metabolites like acids.

pH values

Changes in pH of the dough before and after proofing and 
in the final bread are shown in Table 2. The various S. cer-
evisiae yeast strains showed significant differences in the 
pH development over the bread-making process. Overall 
it was observed that the doughs decreased in pH during 

fermentation and increased after baking. US-05 and S-23 
had the significantly highest pH before proofing. Doughs 
formulated with S. cerevisiae T-58 showed the significant 
lowest pH. Also, after proofing, T-58 showed the lowest and 
US-05 the highest pH. The effect of acids on pH in this study 
was excluded since they were not detected. Thus, the effect 
of  CO2 production is assumed to be the main cause for the 
changes in pH [23]. After the baking process, an increase 
in the pH values in all the baked breads was observed. Even 
though the pH increased, the lowest pH was found for breads 
formulated with T-58. The significant highest pH value was 
reached by breads containing the yeast strain WB-06 fol-
lowed by US-05. The effect of the pH increase after bak-
ing is explained by the loss of carbon dioxide and linked 
carbonic acid. Reduction in pH indicates  CO2 and ethanol 
production by the yeasts. The more active the yeasts, the 
more sugars are fermented, and the more  CO2 is produced, 
dropping the pH in the dough [24].

Time‑ and temperature‑dependent rising behaviour 
of dough

The evaluation of dough rising behaviour is a commonly 
determined parameter in wheat doughs to achieve constant 
dough quality. The measurement is usually conducted with 
the aid of the rheofermentometer. This machine, however, 
showed limitations in analysing gluten-free batters due to 
their liquid nature.

Therefore, a new method was established using the Anton 
paar® rheometer attached with the TruStrain™ system, 
allowing the determination of the dough rise and provid-
ing a prediction tool for yeast activity (Fig. 1). Analysed 
parameters were the max height, the slope during the fer-
mentation process (Slope 30 °C), the baking process (Slope 
90 °C) and max height temperature (TMH) (Table 2). It was 
found that doughs formulated with S. cerevisiae T-58 had the 
highest dough rise in comparison to the other strains. The 
lowest dough rise was observed for US-05. The temperature 
at which the maximum height was reached indicates that 
the control yeast reached its maximum height significantly 
earlier than the remaining yeasts. The yeast strains S-23 

Table 4  Volatile compound analysis

nd not detected
a Described according to (Pico et al., 2015)

Compound Organoleptic  descriptiona Concentration (µg/kg)

S-23 T-58 US-05 WB-06 Baker’s yeast

Ethanol Alcoholic, sweet 2500 5800 2300 2300 3000
Acetic acid Vinegar, pungent, sour 1300 360 120 200 260
2,3-Butanediol Fruity, creamy, buttery 300 160 nd nd nd
1-Hydroxy-2-propanone Pungent, sweet, caramellic, ethereal 190 nd nd nd nd
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and WB-06 reached their maximum height at significantly 
higher temperatures. The different temperatures to reach the 
max height are not correlated but can be explained by the 
different activities of the yeast strains and their preferred 
temperatures (Table 1) [25]. The slope during the fermenta-
tion phase (FP) at 30 °C presented T-58 as the most active 
yeast with a slope twice as high as the control, which is 
the second most active strain. The authors hypothesise that 
this high activity is the result of the temperature optimum 
for fast fermentation (32 °C). The explanation why S-23 
and WB-06 reached a higher height than the control is due 
to their increase in activity at higher temperatures (Slope 
BP). This high increase would suggest a more pronounced 
oven spring as usually observed during the baking process. 
The differences in the optimal fermentation temperatures 
and metabolism of sugar affected the chemical and techno-
logical properties of the gluten-free dough. When optimal 
conditions are provided, yeast can work at its full potential. 
This was confirmed by reduced levels of sugars in the final 
bread and the pH development of the bread-making pro-
cess. Correlation analysis revealed strong negative correla-
tions between the pH and dough rise (r 0.921, p < 0.001). 
The correlation is explained by the produced  CO2, which is 
decreasing the pH due to its carbonic acid and the expansion 
of gas cells accelerating the dough rise [4, 23]. The produc-
tion of  CO2 is considered as an indicator for yeast activity 
[4]. The more  CO2 and ethanol are produced by yeast, the 
more active it is considered. The differences in the activity 
between the various yeast strains can be explained by the 
negative correlations between the remaining sugars in the 
final bread and the dough rise (r − 0.879, p < 0.001). This is 
due to the metabolism of the different yeasts, which ferment 
the available sugars and produces  CO2 [13]. The more sugars 
are fermented, the more  CO2 is produced and the higher is 
the dough rise. Overall the method showed similarities to 
rheofermentometer results found by Heitmann et al. [4] who 
applied beer yeast strains to wheat breads. In their study, it 
was also observed that T-58 had the highest activity and 
US-05 the lowest which was explained by a slower fermen-
tation of sugars. The obtained results of the various yeast 

strains show the suitability of the method for gluten-free 
doughs. It is further hypothesised that it can be used as an 
indicator for the final bread properties.

Bread results

One of the most important quality parameters and the first 
impression for the consumer is the appearance of a product. 
Figure 2 illustrates cross sections and surface images of the 
baked breads with the different yeasts. It can be observed, 
that breads baked with the ale yeast US-05 showed reduced 
loaf volume and smaller average cell pore size. Bread baked 
with WB-06 and S-23 showed a closer resemblance to the 
control bread in terms of size and cell pore size. The effect 
of T-58, however, showed a bigger loaf volume and big gas 
cells in comparison to the control bread (baker’s yeast). A 
more detailed description of the quality parameters is pre-
sented in Table 3. The images of the breads containing the 
different yeasts depicted in Fig. 2 indicate significant differ-
ences between the bread. The specific volume and its related 
appearance is the most important bread quality parameter 
which has a high influence on the consumers quality per-
ception [26]. The differences of the specific volume are 
significant and show the breads baked with T-58 showed 
the highest loaf volume (Table 3). The other applied yeasts 
either had no significant differences (WB-06) or resulted 
in inferior bread characteristics (S-23, US-05) particularly 
relating to the volume of the breads. Next, to the influence 
of the yeast, a key role for the rise of a bread is the dough 
consistency. After mixing and heating, the dough can facili-
tate the entrapment of produced gas and the expansion of 
the gas cells [27]. The cell structure of bread is a key qual-
ity criterion which can be related to crumb hardness and 
the specific volume. The development of crumb structure 
and gas cells expansion initially starts during fermentation, 
when  CO2 and ethanol are produced as products of the yeast 
metabolism. In the baking process, the produced ethanol 
evaporates with some of the water and helps the expansion 
of gas cells and ultimately the loaf rise [23]. Cell structure 
of bread is a key quality criterion which can be related to 

US-05 S-23 Wb-06 T-58 Baker´s Yeast

Fig. 2  Images of cross section and surface of breads baked with the various yeast strains
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crumb hardness and the specific volume. Parameters chosen 
for the crumb structure were the number of cells, cell diam-
eter and the number of cells per slice area. The application 
of the ale yeast US-05 was the only yeast which increased 
the number of cells significantly in comparison to the baker’s 
yeast (control). The addition of the remaining yeast led to 
breads with a lower number of cells when compared to the 
control. The combination of the number of cells and their 
development of crumb structure and gas cell expansion 
initially starts during fermentation, when  CO2 and ethanol 
are produced as products of the yeast metabolism. In the 
baking process, the produced ethanol evaporates with some 
of the water and helps the expansion of gas cells and ulti-
mately the loaf rise [23]. This explains the results of breads 
baked with US-05, which despite their high number of 
cells, but because of their small crumb cell diameter, led to 
small loaf volume. The opposite effect was found in breads 
containing T-58. The breads showed the lowest number of 
cells; however, these cells showed the significant highest 
cell diameter resulting in breads with the significant high-
est specific volume (Table 3). The number off cells/slice 
area  (mm2) gives the ratio of cells per  mm2 on the bread. 
Breads baked with US-05, S-23 showed the highest ratio in 
comparison to the control. No significant differences were 
found between WB-05 and the control. The significant low-
est value was found in breads baked with T-58. Texture is a 
further important quality characteristic for consumer accept-
ance [25]. The process of increasing hardness over time is 
known as staling and has been claimed to affect the flavour 
of a bread [28]. Hardness of the breadcrumb was chosen to 
determine textural parameters. The hardness was measured 
2 and 24 h after baking. Both measurements of hardness 
showed significant differences between the bread samples 
baked with the various yeast strains. Further observations 
showed that all bread samples increased in hardness. Meas-
urements conducted after 2 h of baking showed that breads 
baked with S-23, WB-06 and T-58 had a significant softer 
breadcrumb texture in comparison to baker’s yeast. T-58, 
however, showed the significant lowest hardness in com-
parison to all applied yeast strains. Bread baked with the 
yeast strain US-05 showed the significant highest hardness. 
Similar observations were made by Heitmann et al. [4], who 
also showed that wheat breads formulated with the yeast 
strain US-05 had the highest hardness after baking. A simi-
lar order of hardness of the different breads baked with the 
various yeast strains was observed after 24 h. Breads baked 
with US-05 resulted in the significant highest hardness. The 
applied yeast S-23 and T-58 showed the significant lowest 
hardness in comparison to the other yeasts, with T-58 having 
still the significant softest breadcrumb. The application of 
WB-06 resulted in breads which showed now similar results 
to the control baker’s yeast, indicating a faster staling pro-
cess. The differences of the varies breads in crumb hardness 

are hypothesised to be caused by the crumb structure. The 
hardness of breadcrumb is measured by compression over a 
certain area (probe diameter 20 mm). Due to the significant 
difference in cell diameter, different areas of cell walls are 
compressed. Hence, it is suggested that breads with high 
cell diameter provide less cell walls for the measuring probe 
to compress resulting in less resistance and a lower meas-
urement of hardness. Correlations between dough proper-
ties and the final bread properties were found (r > 0.8). The 
dough rise had strong correlations between the crumb cell 
structure, in particular with the cell diameter (r 0.937, p < 
0.001). This was explained by the production of  CO2, which 
expands the crumb cells and in turn increases the dough 
rise. Based on this, it can be expected to find correlations 
between the dough rise properties of the doughs and the 
specific volume of the various breads (r 0.844, p < 0.001). 
The found correlation suggests that the dough rise measure-
ment offers the potential to be used as prediction tool for the 
final volume of baked breads and yeast activity. Correlation 
analysis also confirmed the discussed connection between 
cell structure and texture. After baking, a higher number 
of cells were positively correlated with the hardness of the 
breadcrumb 2 h (r 0.870, p < 0.001) and 24 h (r 0.929, p < 
0.001). This suggests that the increase in cells increased the 
number of cell walls which in turn strengthens the bread-
crumb and results in higher hardness values. A further cor-
relation was found for the specific volume and the bake loss 
(r 0.802, p < 0.001). This correlation has also been found in 
a previous study [14] and is known to be caused by a greater 
specific volume which offers a greater surface area for water 
to evaporate.

Volatile aroma compounds analysis

The identification of the aroma compounds revealed ethanol 
and acetic acid as the only components being detected in all 
the breadcrumb samples (Table 4). Ethanol, which is the 
most produced volatile compound during bread fermenta-
tion, was also found in this study to be the main compound. 
The S. cerevisiae yeast strain T-58 was found to have pro-
duced almost twice as much ethanol in comparison to the 
other yeast strains. The high activity of T-58 was also earlier 
discussed during the dough-rise measurement and the lower 
pH in the final bread. Overall it is suggested that it is due 
to its tolerance to high temperature [4]. Further detected 
aroma compounds in some of the bread samples were 
2,3-butanediol and 1-hydroxy-2-propanone. 2,3-butanediol 
is a metabolite of alcoholic fermentation, which was found 
in breads fermented with the yeast strains S-23 and T-58. 
The metabolic pathway for the production of 2,3-butanediol 
by yeast was reported to be the oxidative decarboxylation 
and enzymatically reduction of 2-acetolactate [29]. The pro-
duction of 2,3-butanediol is discussed to increase ethanol 
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production [30]. However, in this study this effect could not 
be confirmed. The aroma compound 1-hydroxy-2-propanone 
was found in breads baked with S-23. This compound is 
a product of Maillard reaction and created by the reaction 
between reducing sugars and amino acids, mainly proline 
[31]. The presence was explained by the pea protein present 
in the used gluten-free system. A study by Heitmann et al. 
[4], who applied the same yeasts and conducted the same 
method for aroma compound determination in a wheat bread 
found further compounds such as isobutyric acid, 1-hex-
anol, 2-phenylethanol and 3-methyl-1-butanol. The lower 
diversity of aroma compounds found in the current study 
is suggested to be caused by the metabolic pathways of the 
various yeasts, which followed the alcoholic fermentation, 
rather than the TCA cycle. To produce significant amounts 
of aroma compounds, conditions like amino acid composi-
tion, glucose supply and oxygen must be provided [32]. The 
refined system in this study based on pure potato starch, 
lacks on nutrients for the yeast growth and the connected 
metabolite production. Due to the lack of alpha-amylase 
activity of potato starch [33], no glucose can be generated by 
degrading the starch. A low content of damaged starch, due 
to the extraction process of potato starch further prevents the 
generation of glucose [34].

Only the addition of sucrose in the recipe provides a lim-
ited amount of glucose after degradation, as seen in Table 2. 
Hence the main reason for the switch to alcoholic fermen-
tation is assumed to be caused by the liquid batter, which 
causes depletion of oxygen. Based on these conditions, it is 
hypothesised that the yeast during fermentation switched to 
the alcoholic fermentation, rather than following respiration.

Descriptive sensory evaluation

For the descriptive analysis of the breadcrumb samples, a 
total of 12 attributes split into aroma and flavour were cho-
sen. The descriptors are listed in Online resource 1. The 
sensory evaluation of the aroma did not show significant 
differences between the baked breads with the various yeast 
strains (data not shown). The outcome of this analysis is 
explained by the low production of volatile compounds and 
acids. The used gluten-free system lacks sufficient and or 
specific nutrients for the yeast to metabolise and produce 
other products than ethanol and acetic acid. The lack of 
nutrients for the yeast in a gluten-free system can be con-
firmed by the volatiles found in wheat-based system, apply-
ing the same yeast strains [30]. In a wheat system, higher 
amounts of volatile aroma compounds were found and hence 
differences in sensory profiles were reported. The outcome 
of the sensory evaluation suggests that the yeasts can be 
interchangeably used without affecting the flavour and aroma 
profile. This allows focussing on the techno-functional 
effects of the yeast strains on the dough and final bead.

Conclusion

This study was conducted to investigate the effect of different 
S. cerevisiae yeast strains on a gluten-free bread formulation. 
Although only strains of S. cerevisiae were applied, differences 
in dough and bread quality parameters were observed. Differ-
ences in sugar metabolism and preferred fermentation tem-
peratures lead to diverse activity levels and performance of the 
various yeasts. These differences in activity had major changes 
in the dough performance and ultimately in the bread-bak-
ing characteristics. The application of the yeast strain US-05 
showed a decrease in loaf volume and a high increase in crumb 
hardness in comparison to the control yeast. On the contrary 
T-58 resulted in the bread with the highest loaf volume and 
the softest bread crumb. The yeast strain WB-06 showed the 
closest resemblance to the breads baked with the control yeast 
strain baker’s yeast. Pearson analysis showed significant cor-
relations between yeast activity indicators such as pH and 
remaining levels of sugar and the dough rise parameters (r > 
0.70) (Online resource 2). These in turn correlated with loaf 
volume crumb structure and texture of the baked breads (r > 
0.75). Volatile aroma compound analysis detected only low 
amounts of volatiles which explained no significant difference 
in the results of the descriptive sensory. The low production 
of volatiles was explained to be caused by the refined gluten-
free system in this study, which lacks nutrients for the yeast 
metabolism. In summary, it was found that the different yeasts 
only affected the technological properties rather than the fla-
vour and aroma profile of the baked breads. This was found 
to be due to the yeast-specific activities and properties. The 
performed study demonstrated the suitability of different yeast 
strains of S. cerevisiae in the application of gluten-free bread.
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