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The production of organic acids and volatile #avor components was measured during ke"r
starter culture fermentation. Samples were collected at 0, 5, 10, 15, and 22 h of fermentation ("nal
pH"4.6). Samples were analyzed for orotic, citric, pyruvic, uric, lactic, acetic, butyric, propionic
and hippuric acids by HPLC. Acetaldehyde, ethanol, acetoin and diacetyl production were
monitored using GC equipped with headspace autosampler. Levels of orotic, citric, and pyruvic
acids slightly decreased during fermentation. Hippuric acid was totally consumed by 15 h of
incubation. Acetic, propionic, and butyric acids and diacetyl were not detected. Production of
ethanol began only after 5 h of incubation whereas acetaldehyde and acetoin increased during
fermentation. ( 2000 Academic Press
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INTRODUCTION

Ke"r is a refreshing fermented milk beverage that has an exotic sour and slightly
alcoholic #avor. Ke"r is derived from &&kef '' which means pleasant taste in Turkish
(Kurman et al., 1992). The product is made by inoculating milk with ke"r grains. Ke"r
grains are small irregularly shaped, yellowish-white, hard granules which resemble
miniature cauli#ower blossoms. A good quality ke"r has a foamy, pourable consist-
ency. Ke"r is a self-carbonated beverage that owes its distinctive #avor to a mixture of
lactic acid, ethanol, carbon dioxide and other #avor products, such as acetaldehyde
and acetoin. The unique #avor is the result of the symbiotic metabolic activity of a
number of bacterial and yeast species (Vedamuthu, 1977). According to Koroleva (1988)
&&yeast exert a favorable e!ect on the activity of the lactic acid bacteria providing them
with growth stimulants as well as by metabolizing some of the lactic acid''.

In the preparation of traditional ke"r, a starter culture must be produced from the
ke"r grains. Ke"r grains are added to milk and incubated with stirring at 24}263C
until the pH is decreased to 4.6. After incubation, the ke"r grains are removed via
sieving and are reused in subsequent starter culture preparation. With each sub-
sequent incubation, the size of the ke"r grains increases slightly. The fresh ke"r starter
culture, sans grains, is added to pasteurized milk at the rate of 2}3% (v/v) and
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incubated at 24}263C for approximately 18}20 h. After incubation, the product is
refrigerated promptly.

Economically, fermented dairy products comprise an important segment of the
dairy industry. Ke"r is being investigated as a new product for wide-scale introduc-
tion into the U.S. market. The objective of this study was to determine the production
of organic acids and volatile #avor substances through ke"r fermentation.

MATERIALS AND METHODS

Materials

Ke"r grains were provided by Dr Celalettin Kocak (Ankara University, Department
of Dairy Science, Ankara, Turkey). Orotic, citric, pyruvic, lactic, uric, acetic,
propionic, butyric and hippuric acids, acetaldehyde, acetoin and diacetyl for stan-
dards were purchased from Sigma Chemical Co., Inc. (St. Louis, MO).

Ke,r Grain Maintenance

Upon receipt, ke"r grains were inoculated into pasteurized milk or sterilized recon-
stituted non-fat dry milk and incubated at 253C. Grains were transferred three times
per week.

Ke,r Sample Preparation

Ke"r starter culture was prepared by inoculating 5 g ke"r grains into 800 mL
pasteurized whole milk. A 50 mL sample of milk was collected as the 0 h sample.
Immediately after inoculation, milk was incubated at 25$13C on a rotary shaker
(75}100 rpm). Samples were collected every 5 h during incubation. Sample pH was
measured at the time of sampling, by using an ORION pH meter. The desired "nal pH
of the product (4.5}4.6) occurred after approximately 22 h incubation.

Organic Acid Determination of Samples

A modi"cation of the procedures of Marsili et al. (1981) and Fernandez-Garcia and
McGregor (1994) was used for measuring the concentrations of organic acids in ke"r
samples. Four grams of each sample was diluted with 25 mL 0.01 N H

2
SO

4
, vortexed

for 1 min, and refrigerated at 43C for subsequent HPLC analysis. For the milk sample,
the same procedure was used except that 0.013 N H

2
SO

4
was used in place of 0.01 N

H
2
SO

4
. Sulphuric acid-extracted samples were passed through 0.45 lm "lters (Ac-

rodiscTM, Gelman Sciences, Ann Arbor, MI). Filtered samples were injected into
a Rainin Rabbit Gradient HPLC system equipped with an Alltech IOA-1000 organic
acid column (300 mm]7.8 mm) maintained at 653C. Degassed H

2
SO

4
(0.009 N) was

used as the mobile phase and the organic acids orotic, citric, pyruvic, lactic, uric,
acetic, propionic, butyric and hippuric were detected using UV detection at 275 nm.
A 10 lL injection volume was used for both samples and standards. Organic acids
were quanti"ed using external standards. Standard organic acid solutions were
prepared in distilled deionized water (ddH

2
O) "ltered through 0.45 lm Gelman

AcrodiscTM "lters (Ann Arbor, MI). HPLC chromatograms and quanti"cation were
obtained using Rainin Dynamax Method Manager software. Standard curves based



FLAVOR COMPONENTS PRODUCED IN KEFIR 37
on peak height were calculated for the individual organic acids covering a broad range
of concentrations.

Determination of <olatile Flavor Substances

For the volatile component analysis, 5 mL ke"r starter culture was transferred into
headspace vials (20 mL). The vials were heated at 853C for 5 min using a headspace
autosampler (Model 7000, Tekmar Corp., Cincinnati, OH). Headspace samples were
automatically injected onto a 30 m fused silica capillary column (DB-5, J&W Scient-
i"c, Folsom, CA) (0.32 i.d.]30]1 lm) maintained at 403C. The column was temper-
ature programmed from !20 to 303C at 53C/min and 30 to 2203C at 103C/min.
Helium (#ow of 30 mL/min) was used as the carrier gas. The #ame ionization detector
signals were stored and integrated using computer software (HP 3365 Series II
Chemstation, Hewlett Packard Corp., Wilmington, DE). Peak identi"cation of vol-
atile substances was based on the retention times of the individual reference standards.
Peak identi"cation was also veri"ed by a headspace sampler (HP 7694) integrated to
a gas chromatograph (HP 6890, GC System) equipped with a mass-selective detector
(HP 5973) running on total ion mode. The same headspace conditions were used to
maintain the consistency of the two detectors. Using the headspace conditions as
described previously, sample headspace was automatically injected onto an HP5-MS
95% dimethyl siloxane copolymer column (30 m]250 lm]0.25 lm) (Hewlett-
Packard Corp., Wilmington, DE) with a #ow of 1.5 mL/min. Peak integration was
performed on a personal computer using HP Vectra X

M
software. Spectra were

matched with the HP-MS ChemStation' Libraries, including Wiley Library, NIST
Library of Mass Spectra and Subsets, (Hewlett-Packard Corp., Wilmington, DE). The
GC/MS analysis was used for veri"cation of peak identi"cation only. Standard
solutions of acetaldehyde, acetoin, diacetyl and ethanol were prepared with distilled
deionized water. Standard solutions were analyzed as described previously for the
samples. Quanti"cation of the volatile components in the experimental samples was
accomplished from the external standard curves of these individual substances.

Statistical Analysis

The data were analyzed using one-way analysis of variance (ANOVA) by SAS' (SAS
Institute, Inc., 1990). Duncan's multiple range test was used to compare the means
when a signi"cant variation was established by ANOVA at the signi"cance level 0.05
(a"0.05). Ke"r samples were prepared on "ve di!erent days. All samples were
analyzed in duplicate.

RESULTS AND DISCUSSION

The bacteria most frequently isolated from ke"r are homofermentative and heterofer-
mentative¸actobacillus,¸actococcus, ¸euconostoc and some Acetobacter (ErguK lluK and
Ucuncu, 1983, Duitschaever et al., 1988; Koroleva, 1988; Angulo et al., 1993; Rea et al.,
1996). Many researchers have studied the composition of the micro#ora present in
ke"r grains. They have isolated Streptococcus lactis (Kandler and Kunath, 1983),
¸actobacillus brevis (Marshall et al., 1984; Angulo et al., 1993), ¸actobacillus virides-
cens, ¸actobacillus gasseri, ¸actobacillus fermentum and ¸actobacillus casei (Angulo et
al., 1993), ¸actobacillus ke,r (Kandler and Kunath, 1983; Marshall et al., 1984; Angulo
et al., 1993), ¸actobacillus acidophilus (Angulo et al., 1993; Marshall, 1993), ¸euconos-
toc (Rosi and Rossi, 1978), ¸actobacillus ke,ranofaciens (Toba et al., 1987; Mukai
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et al., 1992), ¸actobacillus ke,rgranum and ¸actobacillus parake,r (Takizawa et al.,
1994) from ke"r grains. Both the homofermentative or heterofermentative pathways
are employed by these bacteria, leading to an acidi"ed product.

The process of acidi"cation is reported in Figure 1, showing a drop in pH values
over a 22 h fermentation period. On average, the pH of the whole milk prior to
inoculation with ke"r grains was 6.7. The pH progressively decreased until comple-
tion of fermentation. There was no signi"cant di!erence between pH at 0, 5, and 10 h
(P'0.05); however, a signi"cant di!erence was detected between pH in the "rst 10 h
versus after 15 h (P(0.05). Organic acids may occur in dairy products as a result of
hydrolysis of butterfat (fatty acids), biochemical metabolic processes, or bacterial
metabolism. Lactate is a common end product of bacterial fermentation. The mea-
sured concentrations of lactate (Fig. 2) indicated that lactate production slowly
increased during the "rst 10 h of fermentation, then rapidly and signi"cantly increased
(P(0.05) between 10 and 15 h of fermentation from 590 to 3700 lg/g.

Lactose is readily degraded to galactose and glucose by Group N streptococci. In
the homofermentative pathway, glucose is further metabolized by the Embden}
Meyerho!}Parnas (EMP) pathway to pyruvate. Pyruvate is used directly as an
H-acceptor, and 2 mol of lactate are formed per glucose molecule. However, the
heterofermentative pathway yields theoretically 1 mol each of lactate, ethanol and
CO

2
. In plain yogurt, which is produced by lactic acid fermentation, lactic acid

content was reported as 8760 lg/g (Fernandez-Garcia and McGregor, 1994) and
14550 lg/g (Marsili et al., 1981). In this study, ke"r cultures produced 6400 lg/g lactic
acid upon completion of fermentation. Thus, ke"r has a lower lactic acid content than
yogurt. This may be due to the preferential use of a heterofermentative pathway with
a resultant production of CO

2
. A common problem in yogurt production is over-

acidi"cation. Since ke"r does not have a high acid production, overacidi"cation
problem is not likely to occur.

Formation of pyruvate was detected after 5 h ke"r fermentation (Fig. 2). Pyruvate
content increased slightly during fermentation, concurrent with lactate production
between 0 and 10 h and between 15 and 22 h. A signi"cant increase in pyruvate levels
occurred during 15}22 h of fermentation (P(0.05). S. lactis, a common component of
the ke"r culture, uses the EMP pathway to produce pyruvate. Pyruvate is preferen-
FIGURE 1. Change in pH during ke"r fermentation.



FIGURE 2. Concentration of citrate, lactate and pyruvate during ke"r fermentation: *r*, citrate;
*j*, lactate; *m*, pyruvate.
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tially converted to lactate and residual pyruvate is converted to acetaldehyde and
diacetyl. Similarly, the concentration of pyruvate in cultured buttermilk has been
reported to increase during fermentation (Marsili, 1981).

The mean citrate concentration of the milk control (0 h) was 1760 lg/g citrate (Fig.
2). After 15 h of fermentation, the amount of citrate had decreased to 1600 lg/g. Upon
completion of fermentation, the citrate level had decreased to 1440 lg/g although
there was no statistically signi"cant di!erence in citrate concentration between any of
the incubation periods (P'0.05). Citrate is the preferred substrate for acetoin and
diacetyl formation by some lactic acid bacteria.

Orotic acid concentration decreased signi"cantly (P(0.05) after 15 h fermentation
(Fig. 3). Orotic acid is an intermediate product generally involved in the synthesis of
nucleotides which may explain its decline (Gottschalk, 1986). Orotate is a free
pyrimidine and forms orotidylate in the presence of orotate phosphoribosyl
transferase.

Hippuric and uric acids also decreased during fermentation (Fig. 3). After 5 h,
hippuric acid concentrations signi"cantly decreased (P(0.05) and could not be
detected by the end of fermentation. Similar decreases in hippuric acid content have
been reported during yogurt fermentation (Fernandez-Garcia and McGregor, 1994).
Nishimoto et al. (1969) reported that hippuric acid is a precursor in the synthesis of
benzoic acid by lactic acid bacteria. Therefore, it is possible that hippuric acid
disappeared as a consequence of growth of lactic acid bacteria, particularly in the last
10 h of fermentation. After 15 h, uric acid concentrations signi"cantly decreased
(P(0.05).

Acetic, propionic and butyric acids were not detected during ke"r fermentation.
However, Rea et al. (1996) reported acetate formation in ke"r from samples obtained
from various locations throughout Ireland. This result might be due to the variations
in the ratio and types of micro-organisms in ke"r grains. The source and growth
conditions of ke"r grains are thus of great importance in ke"r #avor.



FIGURE 3. Concentration of urate, orotate and hippurate during ke"r fermentation:*r*, urate;*m*,
orotate; *j* , hippurate.
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Acetaldehyde, diacetyl and acetoin are important #avor substances for many types
of cultured dairy products. A typical chromatogram of the results of the head space
analysis indicated the presence of many compounds in fermented ke"r (Fig. 4). Only
four compounds, namely acetaldehyde, acetoin, diacetyl and ethanol were sought in
this study. Changes in production of acetaldehyde, acetoin and ethanol during ke"r
fermentation are shown in Figure 5. In this study, acetaldehyde was "rst detected at
10 h and its concentration continued to increase signi"cantly (P(0.05) after 15 h.
The average "nal concentration of acetaldehyde was only 5 lg/g, whereas plain
yogurt is reported to have an acetaldehyde content ranging from 23 to 41 lg/g
(Gorner et al., 1973). Acetaldehyde can be converted to ethanol by alcohol dehydro-
genase (Tamime and Robinson, 1983). This may explain the lower amount of acetal-
dehyde observed in ke"r samples.

Yeasts are primarily responsible for the alcohol production in ke"r. The yeasts
commonly isolated from ke"r grains are Saccharomyces cerevisiae (Rohm et al., 1992;
Angulo et al., 1993), Candida ke,r (Angulo et al., 1993), the imperfect form of
Kluyveromyces lactis (Engel et al., 1986; Angulo et al., 1993; Marshall, 1993), Sacchar-
omyces delbruecki (Engel et al., 1986), ¹orulopsis holmii (Iwasawa et al., 1982), Candida
holmii and Saccharomyces unisporus (Engel et al., 1986; Angulo et al., 1993),
Kluyveromyces marxianus (Rohm et al., 1992), ¹orulospora delbrueckii and Candida
friedricchi (Angulo et al., 1993). Although yeasts are commonly recognized for
ethanol-producing ability, the bacterium, ¸. ke,r, is a heterofermentative lactobacillus
capable of producing ethanol (up to 0.25%) and CO

2
(Marshall, 1984). Ethanol

production during ke"r fermentation is presented in Figure 5. Only slight ethanol
production was noted at approximately 5 h of fermentation; a signi"cant increase
(P(0.05) was recorded by 15 h of fermentation with a "nal ethanol concentration of
0.04% (v/v) occurring by 22 h. There are notable variations among the reported
ethanol contents of ke"r (0.01}1.0%) (Kurman et al., 1992; Marshall and Cole, 1985;
Vedamuthu, 1977). Higher alcohol content may be associated with a yeastly #avor
and, in fact, authentic ke"r does have a very slight yeasty #avor (Kroger, 1993;
Vedamuthu, 1977).



FIGURE 4. Typical chromatogram of head space analysis of fermented ke"r.
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In this study, acetoin was signi"cantly increased (P(0.05) by 10 h of fermentation
to a maximum of 25 lg/g by 15 h (Fig. 5). Chuang and Collins (1968) reported that
production of acetoin by yeasts is stimulated by acetaldehyde addition. ¸. brevis is
a heterofermentative lactic acid bacterium that may produce CO

2
, acetate and lactate



FIGURE 5. Concentration of acetoin, acetaldehyde and ethanol during ke"r fermentation:*r*, acetoin;
*m*, acetaldehyde; *j* , ethanol.
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from glucose metabolism via pyruvate and, since it is able to use citrate, it may also
produce acetoin and diacetyl. In this study, diacetyl was not detected using the
described experimental procedure.

In this study, urate, orotate and hippurate all decreased during ke"r starter culture
fermentation. Lactate, pyruvate, acetaldehyde, acetoin and ethanol all increased
during fermentation.

CONCLUSION

Ke"r develops a unique #avor pro"le during fermentation. It contains amounts of
#avor components di!erent than those noted in yogurt and other known cultured
dairy products. In this experiment, no diacetyl was detected; diacetyl is a common
#avor component of most cultured dairy products. As typical of other cultured dairy
products, the pH of ke"r samples progressively decreased until completion of fermen-
tation.
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