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Bread making using kefir grains as baker’s yeast
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Abstract

The leavening activity of kefir grains in lean dough and their efficiency in producing bread of good quality, in terms of loaf vol-
ume, flavour, texture and shelf life, were evaluated. Although the leavening rate of commercial baker’s yeast was higher (30 ml/h),
kefir performed well (24 ml/h), and produced bread of good quality, resembling traditional sourdough bread. Rising was satisfactory
(specific loaf volume 3.0-3.3 ml/g) and breads produced with kefir retained more moisture, had a firmer texture, lower acidity (pH
4.9-5.5) and retained their freshness for longer compared to baker’s yeast bread. Consumers showed a preference for kefir-leavened
bread, although a preliminary headspace GC-MS analysis of volatiles did not reveal significant differences between the two types of

bread.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Bread is a major nutritional component and bread
making is one of the oldest processes, known and prac-
tised for thousands of years, worldwide. Yet, the mech-
anisms associated with bread staling have not been fully
understood. Bread staling is a result of changes in the
starch and protein microstructures and moisture migra-
tion and redistribution (Shewry & Tatham, 1996; Hall-
berg & Chinachoti, 2002). The economical problems
arising from staling and microbial spoilage have recently
triggered extensive research. Another important issue in
the developed countries is the degraded organoleptic
quality of industrial bread and the consequent prefer-
ence of consumers for other types of food. In the devel-
oping countries, on the other hand, longer preservation
and higher nutritional value are issues of major impor-
tance. To achieve better mechanical properties of flour,
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extend preservation time, improve organoleptic and
nutritional quality of bread, and satisfy the recent de-
mand of consumers for “natural ” technologies, research
has been focussing on the use of enzymes (Bombara,
Anon, & Pilosof, 1997; Dunnewind, Van Vliet, & Orsel,
2002; Van der Maarel, Van der Veen, Uitdehaag, Lee-
mhuis, & Dijkhuizen, 2002), natural preservatives, ge-
netic engineering of yeast and plants (Randez-Gil,
Sanz, & Pricto, 1999; Linko, Javanainen, & Linko,
1997) and sourdough bread production, using well-
defined mixed starter cultures containing lactic acid bac-
teria (LAB) and yeasts (Gobbetti et al., 1995; Meignen
et al., 2001; Caballero et al., 1995; Linko et al., 1997).
The use of mixed cultures has a number of important
advantages over baker’s yeast, such as improved flavour
and texture (Meignen et al., 2001), as well as extension of
preservation time through the in situ production of anti-
microbial compounds (organic acids and bacteriocins)
(Katina, Sauri, Alakomi, & Mattila-Sandholm, 2002;
Messens & De Vuyst, 2002). In such mixed-cultures,
yeasts act mainly as leavening agents, while LAB con-
tribute mainly to the sensory quality and longer shelf life
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of bread. Kefir is a natural mixed culture used for centu-
ries in the Caucasus area for the production of the tradi-
tional milk drink through lactic acid and alcoholic
fermentations. The kefir grains are clusters of microor-
ganisms with a cauliflower-like structure held together
by a polysaccharide matrix. Many microorganisms have
been isolated from kefir microflora, sharing symbiotic
relationships, including yeasts (Kluyveromyces, Candida,
Torulopsis and Sacharo myces sp), lactobacilli (L. brevis,
L. acidophilus, L. casei, L. helveticus, L. delbruecki),
streptococci (Streptococcus salivarius), lactococci (Lc.
Lactis ssp. thermophilus, Leuconostoc mesenteroides and
L. cremoris) and occasionally acetic acid bacteria (Sim-
ova et al., 2002). The use of kefir as baker’s yeast for
sourdough bread production has not been reported and
it is an interesting perspective, expected to increase resis-
tance to spoilage and produce bread of improved aroma
and taste. The aim of this study was the evaluation of ke-
fir grains as baker’s yeast in terms of leavening activity,
flavour formation and preservation time.

2. Materials and methods
2.1. Microorganisms and growth media

Kefir grains, isolated from Russian kefir drink (Atha-
nasiadis, Boskou, Kanellaki, & Koutinas, 2001), were
obtained by aerobic fermentation (3 1/min air supply),
at 30 °C, in liquid nutrient media containing 20 g/l glu-
cose, 20 g/l lactose, 1 g/l (NH4),SOy4, 1 g/l KH,POy, 10.2
g/l, MgSO, - 7H,0 and 4 g/l yeast extract. All media
were sterilized at 120 °C for 15 min. The produced cells
(small grains of approximately 0.5 mm diameter) were
harvested by centrifugation at 5000 rpm for 10 min to
yield pressed kefir biomass with 70% moisture, like
pressed baker’s yeast, which was a commercial product
used in the Greek baking industry.

2.2. Evaluation of leavening activity

To evaluate and compare the leavening activity of ke-
fir grains and baker’s yeast in lean dough (without addi-
tion of sugars), dough samples were prepared by mixing
20 g flour, 15 ml water and 0.7 g of kefir or baker’s yeast
(on a dry weight basis) in 100 ml volumetric cylinders.
Maximum leavening rate (ml/h) at 30 °C, was calculated
from the highest volume reached in 120 min, divided by
the time at which that volume was first recorded (Cabal-
lero et al., 1995).

2.3. Bread making
Bread making was carried out in a Greek bakery

according to the traditional method for baking white,
yeast-leavened bread. Dough samples were prepared

by mixing 500 g flour with 300 ml water and with 15 g
of pressed baker’s yeast or either 5, 10 or 15 g of pressed
kefir biomass. Salt and sugar were not added (lean
dough). Samples were kneaded for 10 min and then they
were incubated for 30-60 min at 30 °C to allow initial
rising. Proofing was carried out at 46 °C for 45 min.
The loaves were then baked at 190 °C for 60 min. The
process was repeated five times.

2.4. Sensory evaluation

Finished breads were allowed to cool at room
temperature and a preliminary sensory evaluation was
carried out by a number of non-trained testers (consum-
ers) and bakers (totally 20 people), who were asked to
evaluate the breads, using a taste-test protocol based
on a 1-10 preference scale. Testers were asked to evalu-
ate (separately) the aroma and taste of breads as well as
the overall quality on the basis of loaf volume, texture,
colour and flavour. The results are given in Table 3 as
average scores plus standard deviations.

2.5. Assays

An amount of 15 g of breadcrumb and 100 ml of dis-
tilled water were placed in a clean dry container, which
was sealed and stirred until the bread dispersed into a
semi-liquid mixture. The pH was recorded using a
Cyberscan 10 pH-meter. Then, an amount of 0.11 N
NaOH solution was added until the pH was fixed at
6.6. The total titratable acidity (TTA) was determined
by the consumed ml of NaOH, as mg of lactic acid
per g of sample (Gélinas, McKinnon, & Pelletier,
1999). The loaf volumes, after cooling for 15 min, were
measured using the rapeseed displacement method (Hal-
Ién, Ibanoglu, & Ainsworth, 2004). Each loaf was put in
a container and covered with rapeseed to totally fill the
container. Then the loaf was removed and the volume of
the rapeseed noted. Loaf volumes were calculated by
deducting the rapeseed volume from the container vol-
ume. Moisture loss was measured by deducting the
weight of bread from the initial weight of the dough be-
fore baking. Moisture contents of breadcrumb samples
were determined according to the AOAC (1990) Method
925.09, involving heating at 98-100 °C in a partial vac-
uum, and reporting loss in weight as moisture (indirect
method). The results are presented in Table 1 as average
values of three repetitions. The standard deviations
were: pH £0.3, TTA 0.4, loaf weight + 23, loaf volume
+ 85, moisture loss + 12, breadcrumb moisture +0.09.

Headspace analysis of volatiles in breadcrumb sam-
ples was carried out by GC-MS analysis. A solid phase
micro-extraction (SPME) sampling method was used
(DVB/CAR/PDMS fibre) (Mallouchos, Komaitis, Kou-
tinas, & Kanellaki, 2002; Ruiz, Quilez, Mestres, &
Guash, 2003). Specifically, 0.25 g of sample and 10 ml
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Bread sample

pH TTA

(mg lactic acid/g)

Loaf
weight (g)

Loaf
volume (ml)

Moisture loss (g)

(g H0/g)

Breadcrumb moisture

Day 1

Day 3

Day 5

Specific loaf
volume (ml/g)

Mould spoilage
(days)

Baker’s yeast 5.7
Kefir (1%) 5.5
Kefir (2%) 5.2

2.1
2.8
3.6
5.0

649
665
675
683

2356
2214
2123
2058

166
140
135
132

0.20
0.24
0.25
0.27

0.17
0.20
0.22
0.24

0.13
0.16
0.19
0.20

3.6
33
3.1
3.0

34
4-5
5-6
5-6

Kefir (3%) 4.9

of a 20% w/v NaCl solution were transferred into a 20
ml sealed glass vial and the content was stirred for 5.5
min at 50 °C. The fibre was then exposed to the head-
space for 60 min. Desorption of volatiles took place in
the injector port of the GC in splitless mode at 230 °C
for 70 min. Separation of volatiles was performed on a
Shimadzu GC-17A Gas Chromatograph (SUPELCO
WAX-10 column), connected with a GCMS-QP505A
Mass Spectrometer (70 eV ionisation energy; 29—400
mlz mass range). Helium was used as carrier gas (2 ml/
min). Oven temperature was programmed at 35 °C for
5 min, and then it was raised to 60, 200, and 250 °C at
rates of 2.0, 5.0 and 25.0 °C/min, respectively. Identifica-
tion was carried out by comparison of retention times
and MS data with those of standard compounds and
data obtained from NIST libraries.

3. Results and discussion

The leavening activity of kefir grains in lean dough
was compared to traditional baker’s yeast, and their effi-
ciency in producing bread of good quality, in terms of
loaf volume, flavour, texture and shelf life, were evalu-
ated. Kefir exhibited lower leavening rate (24 ml/h)
and lower maximum rising (44 ml) compared to baker’s
yeast (30 ml/h and 57 ml, respectively) (Fig. 1). Despite
this observation, bread was produced successfully using
kefir grains. Bread samples were prepared from lean
dough with either 1%, 2% or 3% kefir grains and were
compared with bread made with 2% of commercial
pressed baker’s yeast. Rising was satisfactory in all
cases. The specific loaf volumes were 3.6 ml/g for baker’s
yeast and 3.0-3.3 ml/g for kefir bread (Table 1). Addi-
tionally, the breads produced with kefir retained more
moisture after baking (Table 1) and had a firmer texture
than bread made with baker’s yeast. The acidity of bread
made with kefir (pH 4.9-5.5 and TTA 2.8-5.0 mg lactic
acid/g, respectively) was higher than baker’s yeast bread
(pH 5.7; TTA 2.1 mg lactic acid/g) (Table 1). This sug-
gested that it would probably have a positive effect on
the preservation of kefir bread and contribute to longer
microbiological shelf life, therefore avoiding the addi-
tion of preservatives to bread. Therefore, the bread sam-
ples were kept at 25 °C to estimate preservation time as
far as staling and appearance of mould spoilage are con-
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Fig. 1. Leavening activity of kefir and baker’s yeast in lean dough.

cerned. The baker’s yeast-leavened bread retained its
freshness for only 1 day and then became dry and stale.
Breadcrumb moisture was reduced by 15% in 3 days and
35% in 5 days (Table 1). Mould spoilage (green hyphae)
appeared after 3 days. Kefir-leavened breads remained
fresher for longer. Breadcrumb moisture was reduced
by an average 13% in 3 days and 28% in 5 days (Table
1). Staling was obvious after 3 days and mould spoilage
after 5 days.

The 20 random customers and bakers, who were
asked to evaluate the quality of the bread samples at
the first day of baking showed a bigger preference for
bread made with kefir as far as flavour and overall qual-
ity were concerned (Table 2). Nevertheless, they did not
observe significant differences between the two types of
bread and therefore, it was concluded that bread made
with kefir could reach the same standards as normal

Table 2

Sensory evaluation of the breads produced by baker’s yeast or kefir, as
average scores plus standard deviations for aroma, taste and overall
quality (volume, texture, colour and flavour)

Baker’s yeast Kefir (1%) Kefir (2%) Kefir (3%)
Aroma 7.5+0.98 75+092 79+1.00 81095
Taste 8.0£0.88 82+096 84+1.02 88=%1.05
Overall quality 8.2+ 0.79 84+086 8.6+094 8.8%0.83
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Table 3
Volatile compounds detected in breadcrumb samples of breads made with kefir and baker’s yeast
Retention time (min) Compound Reliability of identification Baker’s yeast Kefir
4.425 Acetaldehyde a + +
5.356 Ammonia b + +
5.793 Ethanol a + +
7.394 Ethyl propanoate a + +
20.663 Amyl alcohols a + +
10.833 2-Hydroxy butanoic acid b + +
12.633 Ethanodioic acid dibutyl ester a + +
13.450 Propanoic acid b + +
13.558 1-Pentanal a — +
17.908 Acetic acid a + +
21.317 1-Butene b + +
22.633 1,3-Dioxolane-2-one a + +
33.550 1,5-Diisopropyl-2,3-dimethyl-cyclohexane a — +
43.442 1-Hexanal a - +
45.083 1-Heptanal a + +
45.558 Tetrahydro-4H-pyran-4-ol a + +
48.200 Ethanol 2-(ethenyloxy) b + +
49.417 1(Methoxymethoxy)-3-methyl-3-hydroxybutane b — +
49.683 2-Hydroxy-3-pentanone b - +

a: Identification by comparison of gas chromatographic retention times and MS data with those of available pure compounds, b: Mass spectrum in

agreement with spectra in the literature.

loaves. Generally, bread baked with 3% kefir had better
flavour and remained fresh for longer. Although, loaf vol-
ume was lower, its texture was firmer, holding more mois-
ture and resembling traditional sourdough bread. The
increased shelf life of bread produced with kefir could
be attributed to its higher acidity and probably to bacte-
riocin formation by kefir microflora. The preliminary
headspace GC-MS analysis of volatiles did not reveal sig-
nificant differences between the two types of bread (Table
3). In total, 19 compounds were identified, 5 of which were
identified only in bread produced by kefir (1-hexanal,
I-pentanal, 1,5-diisopropyl-2,3-dimethyl-cyclohexane,
1-(methoxymethoxy)-3-methyl-3-hydroxybutene, 2-hy-
droxy-3-pentanone). Nevertheless, the method used
needs to be optimised and an extraction technique should
be more appropriate for analysis of breadcrumb aroma.

The above results suggest that kefir grains can be
used successfully for sourdough type bread making, pro-
ducing bread with improved flavour and extended shelf
life. Also, as kefir microflora can ferment lactose, and
milk whey, a liquid waste of the dairy industry, could
be used as a low cost raw material for the production
of kefir biomass (Koutinas, 2003). Additionally, this
would offer an interesting alternative to the utilization
of whey, whose disposal causes serious environmental
problems due to its high organic load. In the future, fur-
ther investigation is needed on the contribution of kefir
to flavour formation through optimised GC-MS analy-
sis of aroma and analysis of amino acids and free fatty
acid profile. Also, the extension of shelf life (reduction
of staling rate and increase of microbial stability), and
potential probiotic properties of bread made with kefir,
should be investigated through microbiological examin-

ations, analysis of organic acid formation and detection
of bacteriocins.
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