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SUMMARY

An attempt has been made to produce a fermented,
ropy, non-dairy product (Y2.6) containing the exopoly-
saccharide(EPS)-producing lactic acid bacterial strain
Pediococcus damnosus 2.6 in combination with an ordi-
nary yoghurt culture (V2). The fermentation profile, in-
cluding physical parameters, such as viscosity and ropi-
ness, was measured during a fermentation period of 24 h.
The stability of the product was determined during 30 days
of cold storage (6 °C). No decrease in viscosity or ropi-
ness was seen during the storage period. The survival of
the P. damnosus 2.6 strain was high during the whole
storage period. Finally, a sensory preference test was done
on two differently flavoured Y2.6 products. A traditional,
fermented, ropy, dairy product was used as a control
product. No significant difference (P<0.05) between the
fermented, ropy Y2.6 product and the commercial, fer-
mented, ropy dairy product was shown by the sensory
preference test. This study shows the possibility of devel-
oping a fermented, ropy, non-dairy product derived en-
tirely from oats and water.

KEYWORDS: Non-dairy, Adavena®, Pediococcus damnosus 2.6,
oats, exopolysaccharides (EPSs), lactic acid bacteria (LAB)

INTRODUCTION

Fermented non-dairy products have been developed
in recent years to meet the increasing demand from con-
sumers for non-dairy products [1-4]. In comparison to
other cereals and legumes, oats is an interesting raw
material for fermented food products because of a well-
balanced nutritional composition and containing both
soluble and insoluble fiber [5]. It is also generally accepted

that the predominant soluble fiber in oats, B-glucans, has
a positive effect on blood cholesterol levels [6-7]. High
serum cholesterol concentration levels are strongly asso-
ciated with an increased risk of ischemic heart disease [8].
To increase the interest in oats as a raw material for new
functional food products, the use of a fermentation proc-
ess in combination with new oat-bases (Adavena®) (Ceba
Foods AB, Lund, Sweden) rich in other things, in dietary
fiber, could provide new foods based on oats. The oat-
bases are made entirely of oats and water using a patented
enzymatic process (US patent No. 5.686.123) [9]. One
application is a non-dairy milk substitute (Ceba Foods
AB, Lund, Sweden). This product has been reported to
have both high acceptance among consumers and a cho-
lesterol lowering effect [10-11]. It has also been shown
that this product can be fermented by lactic acid bacteria
(LAB) that have the ability to produce exopolysaccha-
rides (EPSs) [12].

Previous studies indicate that these microbial poly-
saccharides (EPSs) could have a physiological function
similar to polysaccharides from plants [13-14]. The EPS-
producing bacterial strain used in this study, Pediococcus
damnosus 2.6, produces a homopolysaccharide with a B—
glucan structure [15]. A fermented product that contains
both soluble plant polysaccharides, such as B-glucans
from oats, and microbial polysaccharides that are pro-
duced in situ during the fermentation may, therefore, have
improved, beneficial physiological effects.

The main objective of this study was to demonstrate
the possibility of producing a new type of fermented,
ropy, non-dairy product, which is totally derived from
oats and water and fermented with a LAB, that has a
documented production of an EPS with a B—glucan struc-
ture, in combination with a traditional yoghurt culture.
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MATERIALS AND METHODS

Starter cultures

The Pediococcus damnosus 2.6 was obtained from
the UPV culture collection (Universidad de Pais Vasco,
San Sebastian, Spain). The strain was stored at —80 °C in
MRS broth [16] plus 25% (v/v) glycerol. Before experi-
mental use the cultures were propagated twice in MRS
(Merck, Darmstadt, Germany) at 30 °C. The commercial
yoghurt culture, V2, which is a 1:1 mixture of Lactobacil-
lus delbrueckii subsp. bulgaricus and Streptococcus sali-
varius subsp. thermophilus (Visby Tgnder A/S, T¢nder,
Denmark) was stored according to the manufacturer rec-
ommendations (-80 °C) before use. This yoghurt culture
was chosen, as it is a starter culture commonly used in
Sweden for yoghurt products.

Preparation of the pre-inoculum

The pre-inoculum for the P. damnosus 2.6 strain was
made by re-constituting oat powder, Adavena® G40,
(Ceba Foods AB, Lund, Sweden) to a final dry matter of
20%. This oat powder was analyzed for protein, fat, dif-
ferent carbohydrates, dietary fiber, various vitamins and
minerals by an authorized laboratory (AnalyCen Nordic
AB, Lidkoping, Sweden) (Table 1). After heat-treatment at
90 °C for 5 min with continuous stirring the medium was
cooled to fermentation temperature (30 °C). The oat-base
medium was inoculated (5%) with an exponentially grow-
ing culture of P. damnosus 2.6 in MRS broth. The pre-
inoculum was incubated at 30 °C for 20 h.

TABLE 1 - Chemical composition (g/100g)
of the non-dairy oat base (G 40 medium).

Components G40 medium
(g/100g)
Dry matter (%) 20
Protein (g) 2.2
Fat (g) 1.6
Glucose (g) 8.8
Maltose (g) 0.6
Maltodextrin (g) 5.4
Total fiber (g) 1.6
B-glucan (g) 0.8
o-tocopherol (mg) 0.2
Thiamin (mg) 0.08
Riboflavin (ug) 19.2
Niacin (mg) 0.2
Folic acid (ug) 6.6
Pyridoxine (mg) 0.02
Iron (mg) 0.2
Magnesium (mg) 94
Manganese (mg) 0.2
Phosphorus (mg) 54
Sodium (mg) 22
Zinc (mg) 0.2
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Experimental procedures

Comparison of fermentation characteristics of P.
damnosus 2.6 in the presence and absence of a yoghurt
culture (V2). Fermentation characteristics were compared
in Erlenmeyer flasks (200 ml) at two incubation tempera-
tures (28 and 37 °C) using both the P. damnosus 2.6 strain
and the V2 culture as pure and mixed cultures. The non-
dairy oat base, G40, was prepared to a final dry matter of
16 %, as described earlier [3]. After heat treatment at 90
°C for 5 min with continuous stirring the medium was
cooled to fermentation temperature. The P. damnosus 2.6
inoculated (5% (v/v)) was taken from a fresh (20 h incu-
bation) pre-inoculum. The commercial yoghurt culture
(V2) was inoculated directly (0.02% (w/v)) into it. After
incubation the characteristics of the final product, such as
PH, viable counts, viscosity and ropiness were measured.

Production of the fermented, ropy Y2.6 product

To investigate the fermentation characteristics during
the production of a ropy, oat-based product, fermented
both by a commercial yoghurt culture and by an EPS-
producing strain (P. damnosus 2.6), cultivations were
performed in a 12 L fermentor (Chemoferm, Sweden)
with an 8 L working volume for 24 h. A concentrated
liquid form of the Adavena G40 oat-base with a final dry
matter of 16% (v/v) was used as medium. The medium
was heated to 90 °C for 5 min with continuous stirring
and then transferred to the sterile fermentor. The fermen-
tation temperature was kept at 28 °C without pH control
and agitation. The fermentor was inoculated with a fresh
5% (v/v) pre-inoculum, described above, together with a
commercial yoghurt culture (V2).

Product stability during refrigerated storage

The storage stability of the Y2.6 products was jnves-
tigated during cold storage. The products were analysed
every fifth day for viscosity, pH, ropiness and bacterial
survival of the starter cultures over a storage period of
30 days.

Microbiological analysis

For all microbiological counts, a sample (1 ml) was
taken and transferred for serial dilution using 9 ml of
peptone water, 0.1% peptone (Difco, Detroit, Michigan,
US) and 0.8% NaCl (Merck). Enumeration of S. salivar-
ius subsp. thermophilus was performed using M17-agar
plates (Merck, Darmstadt) [17]. The plates were incu-
bated at 37 °C for 72 h under aerobic conditions. Enu-
meration of L. delbrueckii subsp. bulgaricus was per-
formed using MRS-agar plates (Merck). The plates were
incubated at 37 °C for 72 h under aerobic conditions. P.
damnosus 2.6 was enumerated by using MRS-agar plates
(Merck) containing 6% v/v ethanol. The plates were incu-
bated at 30 °C for 72 h using anaerobic jars (5% CO,,
85% N,, 10% H,).
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FIGURE 1
Hedonic scales used in the ranking for preference evaluation for the different fermented products
using four different sensory parameters, consistency, sweetness, acidity and overall acceptability
(The unmarked scales ranged from 1 - dislike extremely to 9 - like extremely).

0 Consistency 9

Dislike extremely Like extremely
0 Acidity 9
Dislike extremely Like extremely

Chemical and physical analysis

Every second hour during a fermentation period of
24 h, samples were withdrawn from the fermentation
vessel and analysed for pH, lactic acid concentration,
soluble fiber, viscosity and ropiness. Lactic acid concen-
tration (LA) was determined by using a commercial
enzymatic kit (Boehringer, Manheim, Germany). pH
measurements were carried out using a digital pH meter,
MAZ235 model (Mettler Toledo, Hightstown, USA). To
measure the fraction of soluble fiber in the G40 medium
during the fermentation, the pH of the samples was ad-
justed to 6.2. Proteins were hydrolysed by a combination
of Alcalase® and Espc:rase® (Novo Nordisk, Bagsverd,
Denmark) at a ratio of 1:1 and a concentration of 1% (v/v).
After an incubation period of 16 h at 30 °C, the samples
were centrifuged for 30 min at 4,000 rpm, the supernatant
collected and washed through a filter (200 pm) (Spectra
Mesh Industries Inc., Houston, USA). The filtrate was
collected and precipitated with 4 volumes of cold ethanol
(95%), followed by storage overnight at 4 °C. The pre-
cipitate was recovered by centrifugation at 6,000 rpm for
30 min and dissolved and dialysed against distilled water
(5 L) for 72 h at 4 °C. After centrifugation the samples
were lyophilised and weighed. The amount of soluble
polymer from the G40 medium was expressed as polymer
dry mass per litre (mg PDM/L). The viscosity was meas-
ured using a Brookfield DV-I Viscometer (Brookfield
Viscometers LTD, Harlow, UK) with the S63 spindle, at
28 °C for 2 min at 50 rpm and was expressed as mPas.
The ropy characteristic of the products was measured by
using an Instron 4442 (Instron Ltd, Buckinghamshire,
UK). 25 ml of a sample were transferred to a petri dish. A
probe with a diameter of 3.8 cm was brought into contact

0 Sweetness 9

Dislike extremely Like extremely

0 Overall acceptability 9

Like extremely

Dislike extremely

with the surface of the sample and lifted up to a speed of
100 cm/min. When the product lost its contact with the
probe the measurement terminated. The measurements
were done in triplicate and at ambient temperature. Mal-
tose content was analysed by high pH anion exchange
chromatography (HPHEC) using a Carbopac PA 10 col-
umn (Dionex, Jouy-en-Josas, France) with 0.2 M NaOH
as the mobile phase at a flow rate of 1.4 ml/min.

Sensory evaluation

Eight panellists of various ages and of both genders
determined the organoleptic properties of the Y2.6 prod-
uct flavoured with two different jams, mixed black berries
and exotic fruit jam (Hafi AB, Getinge, Sweden). A fer-
mented, ropy, dairy product, Lingfil®, (Milko, Ostersund,
Sweden) was used as control product on the basis of its
ropy texture. The control products were flavoured in the
same manner as the Y2.6 products. All products were filled
into identical commercial yoghurt containers (100 m!) and
labelled with a three-digit code. The products were pre-
sented to the panellists as a double blind test. The evalua-
tion was done twice within a period of 14 days.

Sensory properties (appearance, consistency, acidity
and sweetness) of the various products were compared
and ranked using hedonic scales (Figure 1). The panel-
lists were asked to number the products from 1 to 9
according to their preference, using the same sensory
qualifications. The closer the rank sum was to the high-
est reference score (36.0) the higher was the overall
preference for the product.
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Statistical analysis

Values were expressed as the means and the standard
deviation. The mean values of the treatments were com-
pared by Student’s ¢ test. Differences were considered
significant at P<0.05. Results concerning the different
products in the sensory preference test were analysed by
paired #-tests. The significance of the ranking in the pref-
erence tests was analysed using Kramer’s table [18].

RESULTS

. Advances in Food Stientes

Fermentation characteristics of P. damnosus 2.6 (2.6)
in the presence and the absence of a yoghurt culture (V2)

There was an increase in both viscosity and ropiness
when the P. damnosus 2.6 strains were grown in the G40
oat-base (Table 2). This increase did not change when the
yoghurt culture was included. The change of incubation
temperature had the strongest impact on the final viscosity
and ropiness of the product. This was most obvious when
the strains were grown at the higher incubation tempera-
ture (37 °C), which gave a much lower value for viscosity
and ropiness. The P. damnosus 2.6 strain showed high
viability (> 10° cfu/ml) at both incubation temperatures. It
was observed that the viability of the two cultures (V2
and P. damnosus 2.6) was not decreased when they were
grown as mixed cultures.

Fermentation of the ropy Y2.6 product

The fermentation profile of the Y2.6 product is
shown in Figure 2. Both viscosity and ropiness increased
during the fermentation period and gave the highest value
after 24 h. There was a continuous decrease in pH during
the whole period. However, it was found that this decrease

AFS

declined towards the end of the period. The glucose and
the B-glucan concentrations were measured before and
after the fermentation period (Table 3). It was shown that
most of the glucose in the oat-base was not used by the
bacterial strains during the fermentation process and con-
sequently was left unfermented.

Stability and bacterial survival during refrigerated storage

The stability of the product in terms of its consistency
(viscosity and ropiness), pH and the bacterial survival of
the starter cultures were measured (Figure 3). There was
an evident increase in viscosity and ropiness during the
storage period. The survival of P. damnosus 2.6 was high
(10° cfu/ml) during the whole storage period. The survival
of the two yoghurt bacterial strains, L. bulgaricus subsp.
delbrueckii and S. salivarius subsp. thermophilus, de-
creased during the storage period to a value of 10° cfu/ml
after 30 days. The pH of the product was constant during
the whole storage period.

Sensory evaluation

The result of the sensorial preference test is shown in
Figure 4. The two control products, the ropy dairy prod-
ucts, obtained the highest total in the preference test. The
difference, however, is not significant. The two flavoured
Y2.6 products received a lower score mainly in terms of
the consistency of the product in comparison to both dairy
control products. In the two other sensory parameters
(sweetness and acidity) there were no significant differ-
ences between the two Y2.6 products and the two ropy,
dairy control products. It was also observed that the prod-
uct containing the black berry jam was given the highest
total score of the products evaluated in the preference test
for both the Y2.6 case and the ropy, dairy control case.

TABLE 2
Fermentation characteristics of the oat-based G40 medium when using a yoghurt culture (V2)
consisting of L. delbrueckii subsp. bulgaricus (Ldb) and S. salivarius subsp. thermophilus (Sst)
and an EPS-producing strain, P. damnosus 2.6 (2.6), as pure or mixed cultures.

Viable count (log (cfu/ml)
Ldb Sst 2.6
Culture Temperature Viscosity Ropiness pH
(°C) (mPas)" (cm)°

V2 28 546 £ 42 1.5+0.1 54+ 020 6.3 6.0 ND°
V2 37 450 £ 36 1.8+0.1 39+ 0.10 75 8.0 ND
2.6 28 2,400+0 282+2.4 4.1+ 0.10 ND ND 8.2
2.6 37 2,181 + 169 16.7 £3.1 5.7+ 0.20 ND ND 8.2
V2+2.6 28 2,400+0 22.6+7.6 4.1% 0.10 6.3 6.0 9.0
V2+2.6 37 958 £175 3.1x02 3.6+ 0.10 79 7.0 8.5

® Viscosity measured after 2 min of shear thinning at 50 rpm and 28 °C. - ® Ropiness measured at a speed of 100 cm/min. - © ND=Not determined.




Storage smblhty of the fermented ropy Y2.6 products containing black berry or exotic fruit jam, during 30 days in cold storage (6 °C).
2.6(#), L bacillus delbrueckii subsp. bulgaricus (A), Streptococcus salivarius subsp. thermophilus (m),

Survival of P

Fermentation profile of the Y2.6 product, consisting of P. damnosus 2.6 and V2, during 24 h at 28 °C.
Viscosity (x), ropiness (O), pH (@), lactic acid (). The results are the mean values of two fermentations.

Viscosity/mPas

Lactic acid/mg/l

TABLE 3
Polymer dry mass (PDM) (g I'') and glucose (%) content in the
Y2.6 product before (initial value) and after 24 h of fermentation

Initial value Value after 24h of fermentation
PDM (g17) 49+0.1 5.1£0.1
Glucose (%) 7.3£0.1 5.7+0.1
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FIGURE 4

Ranking for preference of the Y2.6 product to evaluate four different sensory par ) S
d, ropy dairy product. Four dlﬁ'erent products were used, two Y2.6 products

all acceptability, and the parison with a fer

acidity and over-

containing black berry jam (m) or an exotic fruit jam (o) and two variants of fermented, ropy dairy control products containing

black berry jam (=) or exotic fruit jam (m). Figures are mean values (N =
(dislike extremely) to 9 (like extremely). The total sensory score is the sum of the ranking for preference from 8 (N =

8) of distances marked by the panellists from 1
8) panellists.

The results are the mean values of two different evaluation occasions

40
Il Y?2.6 product with mixed black berry jam
35 + [Y2.6 product with exotic fruit jam
» Dairy control product with mixed black berry jam
i Dairy control product with exotic fruit jam
I
§ 20
g
“ s
10
5
0
Consistency Sweetness Acidity
DISCUSSION

The objective of this study was to investigate the pos-
sibility of producing a fermented, ropy, non-dairy product
made from oats by including the EPS-producing bacterial
strain, P. damnosus 2.6, as starter culture in combination
with an ordinary commercial yoghurt culture (V2). Fer-
mented, ropy, dairy products have been studied earlier
because of their unique textures and consistencies [19-
21]. A report has also indicated that fermented, ropy dairy
product would have cholesterol-lowering activity [22]. In
this study we investigated the fermentation characteristics
of P. damnosus 2.6, with and without the V2 culture, in
an oat-base with a high glucose content (G40) at two
different temperatures. An increase in viscosity after
fermentation was seen only when P. damnosus 2.6 was
used in the G40 medium. The ropy characteristic of the
oat-base after fermentation was lower at a higher incuba-
tion temperature (37 °C). It was shown that a lower incu-
bation temperature (28 °C) gave a higher increase in both
viscosity and ropiness after a fermentation period of 24 h.
This follows earlier findings that the optimal growth for
the EPS production by P. damnosus 2.6 would be in the
range of 25-30 °C [15]. Although this temperature is far
from optimal (37 °C) for the V2 culture, A flavour, sub-

Overall acceptability

Total sensory score

jectively described as a palatable aroma recognised as yo
ghurt flavour, resulted at this incubation temperature (data
not shown).

During a fermentation of 24 h at 28 °C using both the
P. damnosus 2.6 strain and the V2 culture as starter cul-
tures it was seen that both viscosity and ropiness in-
creased during the whole fermentation period. No signifi-
cant change could be seen in total polymer dry mass
(PDM), indicating that the EPS are produced in amounts
too small to be detected analytically in this complex, oat-
based medium. The significant change in the physical
character of the oat-base during the fermentation period is
more likely to be due to the interaction between the mi-
crobial polysaccharide and macronutrients, such as pro-
teins in the growth medium. This kind of interaction has
been described earlier in milk [23].

It was shown that the Y2.6 products retained their
stability during 30 days of storage at 6 °C. A high survival
of the P. damnosus 2.6 strain was also seen during the time
of storage, suggesting that the oat-base used is a good sup-
port for this strain during a storage period of 30 days. The




survivai of the V2 culture was found to be lower. How-
ever, these strains have a higher optimal growth tempera-
ture (37 °C) than the P damnosus 2.6 strain, with its opti-
mal incubation temperature of 30 °C.

In the sensorial preference test four sensory parame-
ters were investigated, consistency, sweetness, acidity and
overall acceptability. The panellists evaluated the ropy
consistency to have low acceptability. However, the ac-
ceptability for this ropy structure was higher when black
berry jam was added to the product, as it had a major
impact on the colour of the final product. The total rank
sum was lower for both of the two Y2.6 products in com-
parison to the two fermented, ropy, control products.
However, the differences between the products were not
significant (P<0.05).

In this study it is shown that it is possible to produce
a fermented, ropy, non-dairy product using both a com-
mercial yoghurt culture and an EPS-producing bacterial
strain, P. damnosus 2.6. This kind of study can facilitate
the development of new, fermented, non-dairy, nutrition-
ally well-balanced food products with unique physical
properties.

ACKNOWLEDGEMENT

Ceba Foods AB, Lund, Sweden, financially supported
this study.

REFERENCES

{11 Shin, D.H. (1989) A yoghurt development from rice by lactic

acid bacteria. Korean J. Food Sci. Technol. 21, 686-690.

[2] Rao, D.R, Pulusani, S.R. and Chawan C.B. (1990) Prepara-
tion of a yoghurt-like product from cowpeas and mung

beans. Int. J. Food Sci. Technol. 15, 661-667.

Martensson, O., Andersson, C., Anderssor, K., Oste, R. and
Holst, O. (2001) Formulation of an oat-based fermented
product and its comparison with yoghurt. J. Sci. Food Agri.
81, 1314-1321.

[3]

[4] Salovaara, H. (1996) The time for cereal based functional
foods is here: introducing Yosa®, a vellie. In: Proceedings of
26" Nordic Cereal Congress (Skred, G., Magnus, E. M. eds.).

Haugesund, Norway. 195-202.

{5] Lockhart, H.B. and Hurt, H.D. (1986) Nutrition of oats. In:
Oats Chemistry and Technology. (Webster, F.H. ed.) St. Paul,

MN: American Association of Cereal Chemists, Inc. 297-308.

10

(61

7

(8]

[91

[10]

{11}

[12]

{13]

{14]

{15]

[16]

(17}

[18]

AFS

Wood, P.J. (1991) Oat 8-glucan physiochemical properties
and physiological effects. Trends in Food Sci. Technol. 12,
311-314.

Behail, K. M., Scholfield, D. J. and Hallfrisch, J. (1997) Ef-
fect of beta glucan level in oat fiber extracts on blood lipids
in men and women. J. Am. College Nutr. 16, 46-51.

Rosengren, A., Hagman, M., Wedel, H. and Willhelmsen, L.
(1997) Serum cholesterol and long-term prognosis in middle-
aged men with myocordial infarction and angina pectoris: a
16-year follow-up of the Primary Prevention Study in Gote-
borg, Sweden. Eur. Heart J. 18, 754-761.

Lindahl, L., Ahldén, L, Oste, R. and Sjsholm, I (1997) Ho-
mogenous and stable cereal suspension and a method of
making the same. U.S. Patent 5.686.123.

Onning, G., Akesson, B., Oste, R. and Lundquist, L (1998)
Effects of consumption of oat milk, soya milk or cow’s milk
on plasma lipids and antioxidative capacity in healthy sub-
jects. Ann. Nutr. Metabol. 42, 211-220.

Onning, G., Wallmark, A., Persson, M., Akesson, B., Elm-
stahl, S. and Oste, R. (1999) Consumption of oat milk for 5
weeks lowers srum cholesterol abd LDL cholesterol in free-
living men with moderate hypercholesterolemia. Ann. Nutr.
Metabol. 43, 301-309.

Mirtensson, O., Oste, R. and Holst, O. (2000) Lactic acid
bacteria in an oat-based non-dairy milk substitute: fermenta-
tion characteristics and EPS formation. Food Sci. Tech-
nol/LWT. 33, 525-530.

Ruijssenaars, H. J., Stingele, F. and Hartmans, S. (2000) Bio-
degradability of food-associated extracellular polysaccha-
rides. Curr. Microbiol. 40, 194-199.

Loojestein, P. J., Trapet, L., de Vries, E., Abee, T. and
Hugenholtz, J. (2001) Physiology function of exopolysaccha-
rides produced by Lactococcus lactis. Int. J. Food Microbiol.
64, 71-80.

Duefias-Chasco, M., Rodriguez-Carvajal, M. A., Tejero-
Mateo, P., Franco-Rodriguez, G., Espartero, J. L., Irastorza-
Iribas, A. and Gil-Serrano. A. M. (1997) Structural analysis
of the exopolysaccharide produced by Pediococcus damnosus
2.6. Carbohydr. Res. 303, 453-458.

De Man, J.C., Rogosa, M. and Sharpe, M. E. (1960) Medium
for the cultivation of lactobacilli. J. Appl. Bacteriol. 23, 130-
135.

Terzaghi, B. E. and Sandine, W. E. (1975) Improved medium
for the streptococci and their bacteriophages. J. Appl. Micro-
biol. 29, 807-813.

Kramer, A. and Twigg, B. A. (eds). In: Quality control for the
food industry. Vol. 1. (Kramer, A. and Twigg, B. A. eds.).
The AVI Publishing Company, Connecticut, USA. 499-500.



[19] Sundman, V. (1953) On the protein character of a slime pro-
duced by Streptococcius cremoris in Finnish ropy fermented
milk. Acta. Chem. Scand. 7, 558-560.

[20] Nilsson, R. and Nilsson, G. (1958) Studies concerning Swed-
ish ropy milk. The antibiotic qualities of ropy milk. Arch.
Mikrobiol. 31, 191-197.

[21] Macura, D. and Townsley, P. M. (1984) Scandinavian ropy
milk-identification and characterization of endogenous ropy
lactic streptococci and their extracellular excretion. J. Dairy
Sci. 67, 735-744.

[22] Nakajima, H., Suzuki, Y., Kaizu, H. and Hirota T. (1992)
Cholesterol lowering activity of ropy fermented milk. J. Food
Sci. 6, 1327-1329.

[23] Hess, S. J., Roberts, R. F. and Ziegler, G. R. (1997)
Rheological properties of nonfat yoghurt stabilized using
Lactobacillus delbureckii ssp. bulgaricus producing exopoly-
saccharides or using commercial stabilizer system. J. Dairy
Sci. 80, 252-263.

Received for publication: November 14, 2001
Accepted for publication: December 14, 2001

CORRESPONDING AUTHOR

O. Martensson

Department of Biotechnology

Center for Chemistry and Chemical Engineering
Lund University

P.O. Box 124

221 00 Lund, SWEDEN

Phone: +46 46 222 4948,
Fax: +46 46 222 47 13.
e-mail: olof.martensson @biotek.lu.se

AFS — Vol 24/ No 1/ 2002 — pages4 - 11

AFS

1



