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ABSTRACT: Exopolysaccharides (EPS) and their producing strains were
used separately for improving properties of yoghurt and fermented butter
milk. Different concentrations of EPS ranged from 0.1 to 0.5% (w/v) were used
for preparation of yoghurt prepared by inoculating cow milk with 2% of an
active mixed culture (1:1) of Streptococcus thermophilus and Lactobacillus
dibreuckii ssp bulgaricus . Butter milk was fermented at 30 °C using three
local isolated-EPS producing Leuconostoc mesenteriodes strains in
association with non EPS-producing cultures including, Lactococcus lactis
ssp diacetylactis and Laetococcus lactis ssp cremoris. The viscosity of
yoghurt was improved upon using 0.5% EPS. It was also improved in the
fermented butter milk containing EPS-producing cultures Leuconostoc
mesenteriodes NRC-12 and L.rhamnosus. No alterations of pH values and the
total solids of yoghurt and fermented butter milk was detected as a result of
addition of EPS or EPS-producing cultures. The yoghurt texture was
improved and synersis was reduced as the EPS concentration was elevated
to 0.3% or more. The viable counts were increased upon using 0.3% EPS or
more for Streptococcus thermophilus and Lactobacillus dibreuckli ssp
bulgaricus upon using 0.4% EPS. No marked effected was detected in the
levels of acetaldhyde or diacetyl could be attributed to supplementation with
EPS producing cultures.
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INTRODUCTION

Lactic acid bacteria (LAB) have an indispensable technological role in
food processing, especially in dairy industry. They are often added as milk
fermentation starter cultures and occur widely as indigenous contaminants in
raw milk (EL-Soda et al., 2003). Some strains of LAB are able to synthesize
exopolysaccharides; EPS (Ricciardi and Clementi, 2000). in general, LAB
have a food-grade status and EPS produced by these bacteria can be
considered as food-grade additives and become an alternative to chemical,
plant or animal additives as a source of stabilizing, thickening, gelling or
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water-binding agents (De Vuyst and Degeest, 1999). However, appearance
and physical characteristics are important quality parameters of yoghurt and
fermented buttermilk. Good quality yoghurt shouid be thick and smooth with
no signs of syneresis. Set yoghurt with a high level of syneresis on the
surface may be regarded as a law quality product, even though this is a
natural phenomenon (Amatayakul et al., 2006). Conventionally, syneresis is
reduced by using stabilizers or increasing the total slides of yoghurt mix
around 14% (wiw) with dry dairy ingredients (Tamime and Deeth, 1980).
Moreover there has been an increasing trend in the use of starter cultures
that are able to produce exopolysaccharides. These EPS are
homopolysaccharides or heteropolysaccharides. The use of EPS-producing
LAB strains may improve the rheological properties of fermented milk. The
gel structure and viscosity of the products are affected by the gel formation
conditions, as well as the amount and the type of the EPS produced.
Hammelehle et al. (1998) showed that fast warming rates (20 -50°C) during
acidification increased the firmness and storage modulus, and decreased the
syneresis of a milk gel. Skim milk fermented by ropy EPS-producing strains
exhibited similar rheological properties and had greater viscosity than skim
milk fermented by non-ropy strains (Schellhaass and Morris, 1985). In
addition to the viscosifying effect of the polysaccharides, the interactions
between the EPS and the milk proteins, e.g.caseins, also play a role. The
microorganisms and / or the EPS that they produce may affect the protein
aggregation, thereby affecting the physical properties of the milk gel (Van
Marle and Zoon, 1995). However, the rheological properties of stirred yoghurt
were affected by the type of EPS-producing strains used, suggesting an
effect due to the interaction between the polymer and milk proteins (Marshall
and Rawson, 1999). The objective of the present study was to investigate the
effect of laboratory-produced EPS and EPS-producing strains of LAB on the
chemical, microbiological and rhelogical properties of yoghurt and fermented
buttermilk. :

MATERIALS AND METHODS
Milk

Fresh whole cow milk used in this study was obtained from the Faculty of
Agriculture, Cairo University, Giza.

Buttermilk

Fresh buttermilk was obtained from animal production institute, Ministry
of Agriculture, Egypt.
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Yoghurt starter culture

Streptococcus thermophilus and Lactobacillus delbrueckii ssp.
bulgaricus were obtained from Chr. Hansen Laboratory, Copenhagen,
Denmark. '

Buttermilk starter culture

Leuconostoc mesenteroides B-512f was obtained from Microbial
Properties Research Unit, National Center for Agricultural Utilization Res.,
USDA, Peoria, lllinois and L.rhamnosus NRRL B-442 was obtained from
Microbial Genomic and Bioprocess USDA,ARE , USA.

Lactococcus Jactis ssp. diacetylactis and Lactococcus lactis ssp.
cremoris were obtained from Department of Dairy ciences, National Research
Centre, Egypt. Three isolated (10, 12 and 16) from Leuconostoc
mesenteroides( Refae et al., 2006) are used.

Yoghurt manufacturing using purified EPS as stabilizer

Whole cow milk was heat treated at 85°C for 30 min and cooled to 42°'C
according to Azzat (2001). Yoghurt starter culture was prepared using 2%
(viv) of active mixed cultures (1:1) of Streptococcus thermophilus and
Lactobacillus dlebreuckii ssp. bulgaricus as inoculums. EPS were added to
the milk during pasteurization process in different concentrations 0.1, 0.2,
0.3, 0.4 or 0.5% (as dry weight). _

The control was whole milk inoculated with mixed starter cultures only.
The samples were transferred into 40 mi plastic cups and incubated at 42°C
for 2 to 4 h until coagulation, after which the cups were stored at 7°C for 15
days.

Seven treatments of yoghurt were prepared:

1- Mixture of Streptococcus thermophilus and Lactobacillus dlebreuckii ssp.
bulgaricus 2% (viv) as control

2- Yoghurt prepared with 2% of strain Lactobacillus rhamnosus and 2%

(viv) of Streptococcus thermophilus and Lactobacillus dlebreuckii ssp.

bulgaricus.

3- Yoghurt prepared with 0.1% EPS and 2% (viv) of Streptococcus
thermophilus and Lactobacillus delbreuckii ssp. bulgaricus.

4- Yoghurt prepared with 0.2% EPS and 2% (viv) of Streptococcus
thermophilus and Lactobacillus dlebreuckii ssp. bulgaricus,

5- Yoghurt prepared with 0.3% EPS and 2% (viv) Streptococcus thermophilus
and Lactobacillus delbreuckii ssp. bulgaricus .

6- Yoghurt prepared with 04% EPS and 2% (viv) of Streptococcus
thermophilus and Lactobacillus dlebreuckii ssp. bulgaricus.
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7- Yoghurt prepared with 0.5% EPS and 2% (viv) of Streptococcus
thermophilus and Lactobacillus dlebreuckli ssp. bulgaricus.

Fermented buttermilk manufacturing using isolated strains.

Fresh buttermilk was fortified with 0.1% sodium citrate, heat treated to
85°C for 30 min and then cooled to 30°C according to Levata-Jovanovic and
Sandine (1997). The buttermilk was divided into 5 equal portions and different
starter cultures were added to each portion as follows:

Treatment (1): Leuconostoc mesenteroides B-512f (3%), Lactococcus lactis

ssp. diacetylactis (1%) and Lactococcus lactis ssp.
. cremoris (1%), served as a control. _

Treatment (2): the same as in treatment (1) with addition of Leuconostoc
mesenteroides 3% (isolate no-10), instead of Leuconostoc
mesenteroides B-512f,

Treatment (3): the same as in treatment (1) with addition of Leuconostoc
mesenteroides3% (isolate no-12), instead of Leuconostoc
mesenteroides B-512f.

Treatment (4): the same as in treatment (1) with addition of Leuconostoc
mesenteroides 3% (isolate no-16), instead of Leuconostoc
mesenteroides B-512f.

Treatment (5): the same as in treatment (1) with addition (2%) of Lactobacillus
rhamnosus NRRL B-445, Instead of Leuconostoc
mesenteroides B-512f.

All portions were incubated at 25°C overnight. The fermented buttermilk
was cooled and gently stirred to break the curd and stored at 7°C for 15 days.
The yoghurt and fermented buttermilk samples were taken at 0, 3, 5, 7, 10 and
156 days of storage for viscosity assay, bacteriological analysis, pH
determination and organoleptic observation.

pH determination
The pH was determined using pH-meter (Model 5.1, Portugal)
Total solid content
Total solids for permeate and buttermilk were determined as described by
AOAC (1990).
Determination of diacetyl and acetaldehyde

The determination of diacetyl and acetaldehyde were measured according
to Lees and Jago (1970). Carbonyl semicarbazones were formed by the
addition of 1 ml of a solution of the carbonyl compound (approximately 1
mM) to 1 ml of 6.7 mM semicarbazide. The tubes were sealed with parafilm
and allowed to stand for 90 min before the addition of distilled water to make
a total volume of 10 ml. Absorption spectra were determined against a
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semicarbazide blank, prepared as above without the addition of carbonyl
compounds. Diacetyl was measured at wavelength 270 nm and acetaldehyde
was measured at wavelength 224 nm

Synersis:

Synersis was determined by measuring the volume of separated whey
according {Sahar 2000) .

Viscosity measurement

Viscosity of yoghurt and fermented buttermilk were measured using
Brookfield viscometer (DV-Il+ spindie 14, Germany).

Sensory evaluation

The resuitant fermented buttermilk and yoghurt samples were organole-
ptically scored by ten member’s panel of sensory judges from Dairy Science
and Technology Dep., National Research Center. Yoghurt was sensory
evaluated according to Keating and White (1990) using a scheme of 10 points
for appearance, 40 points for body and texture and 50 points for flavor.
Buttermilk was sensory evaluated according to El-Shafei (2003) using a
scheme of 40 points for flavor, 20 points for acidity, 10 points for color and 30
points for consistency.

Microbiological analysis of fermented buttermilk and yoghurt

One yoghurt or fermented buttermilk cup was taken from either treatment
after complete coagulation at 0, 3, 5, 7, 10 and 15 days of refrigeration for
analysis. One gram of yoghurt or buttermilk sample was diluted with 9 ml of
saline and mixed uniformly. Subsequent serial dilutions were prepared and
viable numbers were enumerated using pouring plate technique. For yoghurt,
the counts of LAB were enumerated on MRS agar adjusted to pH 5.8 at 37°C
for 48h in anaerobic incubator. Total bacterial counts were enumerated on
nutrient agar at 37°C for 48h. Molds and yeasts were enumerated on mait
extract agar acidified to pH 3.5 at 25°C for 5 days (APHA, 1992). For fermented
buttermilk, viable cell counts of Leuconostoc mesenteroides were
determined on MRS agar containing 30 yg/ml of vancomycin after incubation
at 30°C for 24 to 36 hr. Lactococcus strains were counted on M17 agar after
aerobic incubation at 30°C for 48 h (Levata-Jovanovic and Sandine, 1997).
Lactobacillus rhamnosus was determined on a selective medium
Lactobacillus casel (L.C) agar following 3-4 days of incubation at 27°C (Ravula
and Shah, 1998) under anaerobic conditions.
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Statistical analysis

Statistical analysis was conducted using the least significant difference
according to Gomes and Gomes (1984). Correlations among variable
parameters were calculated by correlation coefficients (r).

RESULTS AND DISCUSSION

Appearance and physical characteristics are important quality parameters
of yoghurt and fermented buttermilk. Good quality of yoghurt should be thick
and smooth (with no signs of synersis). Set yoghurt with a high level of
synersis on the surface may be regarded as a low quality product, even
though this is a natural phenomenon.

Set yoghurt

The effect of addition of EPS (0.1, 0.2, 0.3, 0.4 and 0.5%) on the chemical
(Table, 1) and microbiological (Table, 2) properties of yoghurt compared with
control was presented.

Chemical properties

Data given in Table (1) showed that using EPS (Treatments, 1, 2, 3, 4 and
5) had no effect on the total solids content of all fresh treatments compared
to control yoghurt, whereas they decreased in all treatments during cold
storage period. This might be due to fermentation of lactose, and hydrolysis
of protein and fat with the formation of volatile substances (Tamime and
Deeth, 1980 and Abd El Salam et al., 1996). The effect of addition of different
levels of EPS (0.1, 0.2, 0.3, 0.4 and 0.5%) on pH values of yoghurt samples as
compared with control during cold storage period is presented in Table (1). It
could notice that there were no differences in pH values between control and
yoghurt treatments during cold storage period. These results confirm those
of Abd El Salam et al. (1996) who found that the kind of stabilizer had no
effect on the development of acidity during the yoghurt storage. The pH of
yoghurt samples decreased during storage period. This might be attributed
to the continuation of metabolic activity of starter culture (Backer and Puhan
1989). Tamime and Robinson (1985) reported that the catabolism of lactose
by Streptococcus thermophilus and Lactobacillus bulgaricus mainly results
in lactic acid. These results coincided with those found by Abd El —-Mageed
(1987), Barrantes et al. (1994) and Farahat (1999).

Microbiological properties

The viable counts of Streptococcus thermophilus and Lactobacillus
delbrueckii ssp. bulgaricus in yoghurt made with different concentrations of
EPS (0.1, 0.2, 0.3, 0.4 and 0.5%) during 15 days of cold storage are presented
in Table (2). The majority of treatments showed appropriate growth of
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Streptococcus thermophilus compared with the control. On the other hand,
treatments 1 and 2 showed lower viable counts of Streptococcus
thermophilus. This might be explained by that EPS may affect the viable

Table (1): Changes in pH and Total solids of yoghurt during storage period

Storage period (days)

Yoghurt
treatments |0 3 5 7 10 15] 0 3 5 7 10 15

pH Total solids %

Control | 477 | 465 | 455 | 453 | 4.50 | 4.43 | 13.60|13.5613.50 | 13.50 (13.4013.35
cb def g-i gj | hk ) g {.abc | ae | d-g | d-g | hij jki
+12 | +09 | +.03 | +.04 | +.03 | £.01 | +.02 | £.01 | +.01 | £.03 | +.06 | £.02

1 477 | 457 | 4.47 |4.45i-| 440 | 4.39 [13.61|13.60|13.54|13.5313.40]13.38
cb e-h h-m |ot05] kr | k<q | ab | abc | b-e | cf hij ijk
+.04 | +.01 [ $.02 +.03 | £.02 | £.02 } £.01 | £.02 | +.01 | £.03 | +.02

2 481 | 461 | 4.57 | 449 | 4.40 | 4.38 |13.50|13.6013.50 | 13.40(13.34 [ 13.30

bt.02( d-g e-h h-l | kr Ir { dg | abc | d-g | hij jki | imn
$.03 | +.01 | +01 | $02| +01 | £.03 | +.01 | £.03 | +.02 | +.03 | .02

3 497 | 470 | 4.55 | 4.45 | 4.35 | 4.31 | 13.4913.40|13.30 | 13.23| 13.20 | 13.20
a+.03| cd g~ i | nr r efg [ hij | lImn | no o o

$.02 | +.05 | +02 | +.01 | +.02 | +.01 | +.02 | +.02 | +.03 | +.01 | £.02

4 466 | 448 | 446 | 440 | 4.37 | 4.35 |13.50 | 13.5013.45]13.41)13.40 13.35

cb h-m h-n kr | m-r | nr | dg d- |ghit.| hi] |hij.0| jki
+02 | 201 | +02 | +.02 | +.02 | .02 | +01 [g+03| 01 [+02 | 3 | .01

5 4.80 | 4,47 | 4.38l- | 4.35 | 4.32 | 4.33 |13.6213.6013.60|13.57 | 13.50]13.46
h-m | rt.02 | n—r qr | pqr |at.02| abc |abct.| a-d | d-g | fgh

. +.05 | +.01 | £.03 | +.01 01| 04 | £.04 | .02 | .01

6 497 | 467 | 454 | 448 | 444 | 4.34 1 13.60|13.50|13.4013.31]13.30(13.25

at.02| e-h eh | h-m | &p | or | abc | dg hij | kim | Imn | mno
$.02 | .03 | £.03 | +.02 | +.02 | £.02 | £.03 | £.01 | +.01 | .02

* Treatment 1 {0.1 % EPS), treatment 2 (0.2 % EPS), treatment 3 (0.3 % EPS), treatment
4 (0.4 % EPS), treatment 5 (0.5 % EPS) and treatment 6 (instead of EPS Lb. rhamnosus
was used). Means with same letters are not significantly different (p<0.05). Values are
the means & standard error of triplicate measurements.

count of this bacterium by stimulating the growth (Marshall, 1993; Marshall
and Tamime, 1997; Shah, 1997; Zimer and Gibson, 1998; Shah, 2000).
Addition of 0.4% EPS gave the highest viable counts of Streptococcus
thermophilus compared with control and other treatments. Amatayakul et al.
(2006) reported that viable counts of Streptococcus thermophilus in yoghurt
made with capsular starter cultures increased slightly during storage and
declined thereafter. Also, the viable counts of Lactobacillus delbrueckii ssp.
bulgaricus (Table, 2) increased by increasing the EPS concentration
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compared with control and 0.4% EPS (Treatment, 4) gave the highest viable
counts of Lactobacillus delbrueckii ssp. bulgaricus. This might be attributed
to the effect of EPS on stimulation the growth of Lactobacillus delbrueckii
ssp. bulgaricus. The viable counts of Lactobacillus rhamnosus (Treatment, 6)
slightly decreased by increasing the cold storage period and Lactobacillus
rhamnosus influenced the viable counts of Streptococcus thermopilus by
increasing the viable counts to some extent compared with the control. While
Lactobacilius rhamnosus had no effect on the viable counts of Lactobacillus
delbrueckii ssp. bulgaricus. This might suggests the presence of the
protective effect of EPS on the employed strain Streptococcus thermophilus.
Such protective effects were not observed for Lactobacillus delbrueckii ssp.
bulgaricus. This contradicts with Amatayakul et al. (2006) who reported that
the use of ropy EPS-producing starter cultures in yoghurt had protective
effect on Lactobacillus deibrueckii ssp. bulgaricus and no such protective
effects were observed for Streptococcus thermophilus. Moulds and yeasts
were not detected in all treatments either at zero time and during cold storage
period.

Rheological properties
Synersis

In yoghurt, synersis is considered to be a defect. In this respect, the
methods of controlling synersis may involve the heating of milk (Harwalkar
and Kalab, 1986), the use of thickening agents such as xanthan gum or
carrageenan (Kalab et al., 1975; Abd El-Salam et al., 1996), the use of ropy
bacterial cultures or fortification of yoghurt milk with milk proteins including
whey proteins (Tamime and Deeth, 1980; Tamime et al., 1984).

it is appeared from data presented in Table (3) that the yoghurt made with
different EPS concentrations (Treatments, 1, 2 and 6) had a lower synersis
{(Wheying-off) than control. While in case of treatments 3, 4 and 5 no
syneresis observed at zero time and during the cold storage period. This
could be attributed to the high water binding capacity of the added EPS
(Waizem et al., 2002; Cerning, 1990; De Vuyst and Degeest, 1999)
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Table (2): The viability of LAB in yoghurt during storage period.

Controt Treatment 1 | Treatment 2 | Treatment 3 | Treatment 4 | Treatment 5 Treatment &
(0.1 % EPS) | (0.2 % EPS) | (0.3 % EPS) | (0.4 % EPS) | (0.5 % EPS) (-EPS)
Log c.f.u/ml [Log c.fumi |Logc.fu/ml |Log cfumi |Logc.fuml |Logcfuml |Logcfuml
Spt:rriaogde 3 (e (3 (e |2 |- 8 'BERE S e |2 |2 e
ways) (2 |2 |5 |2 |2 (2|5 (2[5 (8|5 |8 (% (£]3
] @ o ] ] a o a o < -] & ] o c
E -3 £ o E > | E o E o E i) E & [ E
9 3 ® 3 ® 3 3 H 3 H 3. ] @ F] ]
g |2 (2|2 (2|2 |8 |2 £ |2 |[£& (2 |8 |2 €
s |3 (s 18 s (S| |95 1S |5 (3|58 |84
» ) ) ] @n 73 )
0 9.45/9.30 | 8.569.38 | 9.04 | 9.04 | 9.82 | 9.41|9.309.28 [ 9.48 | 9.41 | 9.43 |9.41|9.65
3 9.30 | 9.48 | 9.69 | 8.52 | 9.30 | 8.95|10.18[ 9.70 | 9.70 | 9.77 | 9.70 | 9.66 | 9.52 [9.38|9.60
5 9.51/9.30|8.20[7.78 [ 8.60 | 8.48 | 9.76 | 9.32 | 9.82]9.70 ( 9.48 | 9.15 | 9.26 |9.18(9.20
7 9.32(|9.20(7.90(6.78(7.20| 6.0 | 8.90 [ 6.78 9.844 9.48(9.32[9.60  9.18 |9.00| 9.0
10 8.76 | 8.48 (7.20 (6.30 | 5.70 [ 4.70 | 8.83 | 8.41|9.58 ( 8.70 ( 9.30 | 9.08 | 9.08 |7.78|8.79
15 8.68 | 8.43|5.7814.90 | 5.48 | 4.30| 8.48 | 8.32 | 8.58 | 8.28 | 8.85 | 8.48 | 8.48 |7.48|8.60

Table (3): The synersis of yoghurt treatments during storage period.

. Storage period (days)

tr:aot?nheunr:s 0 J 3 J 5 l 7 T 10 j 15
Synersis (mi/40g)

Control 0.5a 0.5a 0.6a 0.6a 0.65a 0.6a
+.12 +12 .06 +42 .09 +.06
1 0d:0 0d+0 0.2bc 0.2bc 0.3b 0.3b
+,06 .06 $.12 +.06
2 0d10 0dx0 0d+0 0d0 0.3b 0.3b
+.06 +12
3 040 0d10 0d0 0d+0 0d+0 040
4 0d0 0d+0 0dx0 0d+0 040 0410
5 0d0 0d10 0410 -0d10 0d0 0d£0
6 0d+0 0.1cd © 0.2bc 0.2bc 0.2bc 0.3b
10 +.06 £12 i +.06 £12

* Treatment 1 (0.1 % EPS), treatment 2 (0.2 % EPS), treatment 3 (0.3 % EPS), treatment
4 (0.4% EPS), treatment 5 (0.5 % EPS) and treatment 6 (instead of EPS Lb. rhamnosus
was used). Means with same letters are not significantly different (p<0.05). Values are
the means * standard error of triplicate measurements.
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or may act synergistically with proteins in retaining water in the gel structure
and may affect synersis levels. Amatayakul et al. (2006) reported that yoghurt
made using EPS-producing starter cuitures had a lower level of synersis than
yoghurt produced with non-EPS producing starter cultures.

Viscosity
A characteristic property, which determines the rate flow of any fluid, is
its viscosity, which may be broadly defined as its “internal friction”" or

resistant to flow. The viscosity depends on the temperature, concentration
and molecular weight of solute and suspended matter.

Apparent viscosity

Apparent viscosity is defined as the viscoslty of non-Newtonian fluid.
This means that the apparent viscosity changes as the shear rate are
changed. The existence of a continuous nefwork implies that yoghurt is a gel
and a viscoelastic material characterized by a fairly small yield stress.

Figure (1) presented the apparent viscosity of yoghurt samples as
affected by EPS concentration (0.1, 0.2, 0.3, 0.4 and 0.5%) during cold storage
period. Treatments 4, 5 and 6 showed the highest apparent viscosity
compared with other treatments and control at the end of cold storage
period. Here, the addition of EPS concentrations affected the apparent
viscosity of yoghurt compared with the control. This might be due to the
interactions between the EPS and the casein-matrix which play a role on the
viscosity of yoghurt. A mixture of polysaccharides and proteins can induce
aggregation when associative interactions are operational (Syrbe et al., 1998)
and the polysaccharides tend to adsorb onto the protein surfaces. If the
amount of polymer is not sufficient to cover the protein surfaces, a
polysaccharide may adsorb onto more than one protein surface leading to
(bridging) flocculation. In contrast, when the proteins are fully covered the
polysaccharide-coated proteins are stabilized, which could be important if
the proteins are initially unstable and the polysaccharide can thus act as
stabilizer (Michiel et al., 1998). However, when the polysaccharides are very
small compared to the protein particles and the volume fraction of particles is
sufficiently high, aggregation of particles can lead to a space filling network
in a process called gelation {Syrbe et al., 1998).

Sensory evaluation

Table (4) present the organoleptic properties (appearance, body and
texture, flavor and total scores) of yoghurt made with different EPS
concentrations and with Lactobacillus rhamnosus (Treatment, 6) during cold
storage. The yoghurt made with EPS concentrations of 0.3, 0.4 or 0.5% and
with Lactobacillus rhamnosus had higher organoleptic properties than
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control and those made with 0.1 and 0.2% of EPS concentrations. These
results could be attributed to that adding EPS in concentrations ranged from
0.3 to 0.5% or using Lactobacillus rhamnosus (EPS-producing culture) in
fermented milk have a greater effect on the physical properties than control
and other treatments.

Here, it could be concluded that yoghurt made with 0.4 and 0.5% EPS
concentration (Treatments 4and 5) and product made with Lactobacillus
rhamnosus can be used to improve the final product of organoleptic and
rheological properties.

1600 4

1400 +

1200

1000 +—

800

600 -

400 r

200 -

Apparent Viscosity (c.p)

o] 3 5 7
Storage period (days)

-—e— Control —~—8— Treatment 1 —a— Treatment 2 —x— Treatment 3
—¥— Treatment 4 —o— Treatment 5§ —+— Treatment 6

Fig (1): Apparent viscosity of yoghurt during storage period.

Treatment 1 (0.1 % EPS), treatment 2 (0.2 % EPS), treatment 3 (0.3 % EPS),
treatment 4 (0.4 % EPS), treatment 5 (0.5 % EPS) and treatment 6(instead of
EPS Lb. rhamnosus was used).
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Table (4): Sensory evaluation of yoghurt during storage period.

Yoghurt Storage Appearance Body&texture Flavor Total scour
treatments* period{days {10) {40) {50) {100)
0 9 30 45 84
3 9 31 48 88
Control 5 9 30 48 87
7 9 30 48 87
10 8 30 48 86
15 8 25 48 81
0 9 32 48 89
3 9 32 48 89
1 5 9 32 48 89
7 9 30 48 89
10 9 29 48 88
15 8 29 48 85
0 9 30 48 87
3 9 30 48 87
2 5 9 30 48 87
7 9 30 48 87
10 9 28 48 85
15 8 28 48 84
0 9 33 48 90
3 9 33 48 90
3 5 9 33 48 90
7 9 30 48 87
10 9 30 48 87
15 8 30 48 86
0 9 34 48 91
3 9 34 48 91
4 5 9 34 48 M
7 9 34 48 91
10 9 33 48 90
15 8 33 48 89
0 9 34 48 91
3 9 34 48 91
5 5 9 34 48 91
7 9 M 48 91
10 9 33 48 90
15 8 33 48 89
0 9 M 48 91
3 9 34 48 91
6 5 9 34 48 91
7 9 34 48 91
10 9 33 48 90
15 8 33 48 89
S

* Treatment 1 (0.1 % EPS), treatment 2 (0.2 % EPS), treatment 3 (0.3 % EPS), treatment 4 (0.4 %

EPS), treatment 5 (0.5 % EPS) and treatment 6(instead of EPS Lb. rhamnosus was used).
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Fermented buttermilk

The effect of using Leuconostoc mesenteroides strains nos. 10, 12, 16
and Lactobacillus rhamnosus as a starter cultures in fermented buttermilk on
the chemical (Table, 5and 6,) and microbiological properties (Table7) of
fermented buttermilk compared with control are presented.

4.8.2.1. Chemical properties

Using Leuconostoc mesenteroides strains nos. 10, 12, 16 and
Lactobacillus rhamnosus had no effect on total solids content of all fresh
treatments compared to control, whereas they slightly decreased in all
treatments during cold storage (Table5). This may be due to fermentation of
lactose, and hydrolysis of protein and fat with the formation of volatile
substances (Tamime and Deeth, 1980; Abd El Salam et al., 1996).

The changes in pH values of fermented buttermilk during cold storage
period are presented in Table (5). All treatments showed decreased in pH
value during cold storage period. This might be due to the fermentation of
lactose by Lactococcus strains and production of lactic acid. No differences
effect in pH values between control and fermented buttermilk treatments
during storage period.

Acetaldehyde and diacetyl contents

The acetaldehyde and diacetyl contents of fermented buttermilk
treatments are presented in Table (6). At fresh time, the acetaldehyde content
in fermented buttermilk with Leuconostoc mesenteroides no. 12 and the
control were higher than those made with Leuconostoc mesenteroides nos,
10, 16 and Lactobacillus rhamnosus. This might be due to the action of the
microorganisms which produce more acetaldehyde than the others. While,
during storage period, acetaldehyde content from different treatments and
control were decreased. Treatments 2 and 4 showed higher contents of
acetaldehyde during storage period. On the other hand, fermented buttermilk
treatments 1, and 3 had lower diacetyl content than those made with
Leuconostoc mesenteroides no, 12, Lactobacillus rhamnosus and control at
fresh case. Treatments 1 and 3 showed constant content of diacetyl content.
This might be attributed to the citrate metabolism into diacetyl may occur
more in treatments 2 and 4 than the other treatments and low pH and
temperature effect on the citrate metabolism into diacetyl. Moreover, all
fermented buttermilk treatments had reached to maximum diacetyl content at
15 days. This is possibly attributed to that the diacetyl and acetoin
accumulated because citrate repressed the synthesis of diacetyl reductase
(DR) and acetoin reductase (AR) (Drinan et al., 1976). So, there is little or no
enzyme to reduce them to acetoin and 2, 3-butylene glycol, respectively.
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bnce citrate metabolism is finished increased synthesis or DR and AR occurs
resulting in decreased levela of diacetyl and acetoin (Drinan et al., 1976).

Table (5): Changes in pH and Total solids of fermented buttermilk during
storage period.

Storage period (days)
Fermented| 0 3 5 7 10 15 0 3 5 7 10 15
buttermilk
treatments
" pH Total solids %
4.78a | 4.57d |4.39fgh{4.11mn| 4.24k |4.36ghl
Control 12.80fg | 12.83ef| 12.84ef| 12.90c-|12.95b-| 13.00a-|
+04 | gt.01 | £04 | f£.01 | ex04 | dt.11
+.01 +.01 +.01 1.01 1.02 1.02
4.67bc | 4.49¢ | 4.41fg | 4.20k! | 4.32ij | 4.32i
1 12.90c-| 12.90c-| 12.90c-| 13.00a-| 13.07a | 13.00a-|
.01 | f£.03 | £.02 | d+ 01 | bt.04 | d+£01
+.01 +.02 +.01 +.01 .02 +£02
4.64c | 4.45¢ef | 4.34h1 | 4.17Im | 4.23k] |4.36ghi| 12.70g ]
2 12.85ef{12.90c-| 12.95b {12.95b-(13.00a-
+.02 | f£.01 | e+.09 | dt.04 | d$.02
1.01 03 | £03 | *02 | +02 | +01 | +o04
4.61cd | 4.44ef | 4.31i] | 4.010 | 4.10n | 4.29i] |12.85¢ef 13.11a
3 12.90c-|12.90c-| 13.02a | 13.00a-
f£.06 | f£04 |bct.02| d1.08
+02 | +02 | .01 1.01 +07 | +02 | +09 +.02
4.72b | 4.56d | 4.45¢f | 4.17Im | 4.26]k | 4.50e | 12.70g | 12.70g |12.80fg|12.80fg
4 12.90c-(12.90c-
f£.03 | f+.08
102 | 01 +.01 .01 $.02 | *.01 1.01 $.05 | £.01 +.03

*Treatments (1): starter culture + Leuc. mesenteroides (10), (2): starter culture + Leuc.
mesenteroides (12), (3): starter culture + Leuc. mesenteroides (16), (4): starter culture
+ Lb. rhamnosus. Means with same letters are not significantly different (p<0.05).
Values are the means * standard error of triplicate measurements.

1292



Application of laboratory produced EPS in the manufacture ......... .

Table (6): Effect of EPS-producing starter culture on acetaldehyde and
diacetyl contents of Fermented buttermilk.

Fermented Storage period (days)
buttermilk | o 3 5 7 0 1] o 3 § 71 10 15
treatments*
Acetaldehyde mmol/100g Diacetyl mmol/100g
24at | 18.2d¢ | 18dx |14818[ 144 pps | 16.aniz 1729 | 21ete | 21eft | 30cz
t | gt 16.8hit| h:
Control 0.17
15 | 023 | 0 | o47|oqz| 064 | 02 035 | 115 | 115 | 058
1 teer | 1220 |40 oo ol 05¢ | 9it | 73kt | 105 | 10 - 10jt | 21efs
029 | 012 | %13 | 7 1442 047 | 047 | 087 | 1.44 0.58 | 1.15
2260t | 21ce (7] KTV D P, 21.8de|23.6d | 23 |36.3a
) - 146fgt| ¢ | gt Nt lasizo. £ | £ | .| ¢
0.4 17 :
035 | 0.7 012 047 | %2 | 023 042 | 092 | o,, | 133
15eft | 11iht | 1052 | 10iz 9.t | 73kt | 7.3kt | 7.3k |, 4, 10212 19fg2
3 10ij£0 3
006 | 058 1 | 12 029 [ o o | 04 0.46 | 1.15
: 14.6fg| 14.6f 21.8de| 21.84 | 21.8d | 32.6b
. 2260t | 18.4d2 | 1780z | 140 10T o | 16aniz | 2ee | 210061 200) 21032
0.63
023 | 046 | 029 | 545 | 523 042 | 012 | 446 | 069 | 1.5 | 052

* Treatments (1): starter culture + Leuc. mesenteroides (10), (2): starter culture + Leuc.
mesenteroides (12), (3):starter culture + Leuc. mesenteroides (16), (4): starter culture + Lb.
rhamnosus. Means with same letters are not significantly different (p<0 05). Values are the
means t standard error of triplicate measurements.

4.8.2.3. Microbiological properties

The viability of Leuconostoc mesenteroides strains nos. 10, 12 and 16 as
well as Lactococci strain and Lactibacillus rhamnosus in fermented
buttermilk during 15 day of cold storage are presented in Table (7).
Iincreasing -of wviable. count .of all strains was observed during the first three
days of storage. This might be attributed to the breaking of the curd and aiso
to the clumps or chains. These results coincide with those stated by
Nighswonger et al. (1996) and Roushdy ef al. (1996). Counts of Leuconostoc
mesenteroides, Lactococci strain and Lactibacillus rhamnosus gradually
decreased during the cold storage Table (7). Levata-Jovanovic and Sandine
(1997) found that Leuconostoc mesenteroides and Lc. lactis ssp. cremoris
cultures in cultured buttermilk did not grow actively during 7 days storage
period, due to low pH and low temperature.
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Table (7): The viability of Leu. mesenteroides, Lactococci strains and
Lb.rhamnosus in fermented buttermilk during storage period.

Control Treatment 1 Treatment 2 Treatment 3 Treatment 4
Log c.f.u/ml Log cf.u/ml Log c f.u/ml Log ¢ f.u/ml Log ¢ f.u/ml
-
o
2 | ¢ g ¢ | ¢ 2 2
” 5| 2 S| 2 El =2 £ £
5 1] ™ ] ™ ] @ 7] ] »
s | g| £ | s| | | &£ (& | %
£ |58| 5 |38| 5 |388| § |58 £ |38
Storage 2 o 8 < °o 28 £ ° 2 £ o £ E o 2
N o - 0 H - 0 £ - o s - © E- - ©
period g = H s H s 2 s = 5
@ays) | F s £ | s| & | 3| E| 3| 4| %
] € It} £ 3 € I} 13 €
£ 3 ] 2 2 3 3 3 3
5 o ] o o o - o o
Q
P}
(] 9.72 9.74 9.36 9.88 9 9.96 9.29 9.45 9.62 9.66
3 10.1 10 9.79 1034 | 1022 | 10.24 | 9.46 9.98 1064 | 1031
5 9.62 9.76 9.20 1007 | 893 | 1009 | 878 9.83 10.17 9.97
7 954 | “9.70 8.30 2.60 8.11 9.94 825 | ‘963 | 1004 | 992
10 9.54 948 | 823 9.43 8.04 9.48 8.18 9.58 9.72 9.62
15 8.38 9.02 7.64 9.30 8 8.76 7.28 8.73 9.06 9.02
Rheological properties
Apparent viscosity

Apparent viscosity of fermented buttermilk samples during storage period
are shown in fig. (2). at zero time, insignificant differences were observed in
the viscosity of fermented buttermilk made with Leuconostoc mesenteroides
nos. 10 and 12 (Treatments 1 and 2). On the other hand, significant effects -
were observed with fermented buttermilk made with Leuconostoc
mesenteroides no. 16 and Lactibacillus rhamnosus (Treatments 3and 4)
compared with control. The most viscous fermented buttermilk produced
was with Leuconostoc mesenteroides no. 12 and Lactibacillus rhamnosus.
Levata-Jovanovic and Sandine, (1997) reported that using ropy Lc. lactis ssp.
cremoris strain 352 as the starter of buttermilk resulted in texture
improvement. This might be attributed to that exopolysaccharides produced
by Leuconostoc mesenteroides no. 12 and Lactibacillus rhamnosus interact
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Figure (2): Apparent viscosity of fermented buttermilk treatments during
storage period.

Treatments (1): starter culture + Leuc. mesenteroides (10), (2): starter culture
+ Leuc. mesenteroides (12), (3): starter culture + Leuc. mesenteroides (16),
(4): starter culture + Lb. rhamnosus
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with the free water in the gel-like structure (De Vuys and Deest, 1999; Hassan
et al., 1996 and 2002; Rohm and Kovac, 1994; Skriver et al., 1993; Teggatz and
Morris,1990; Viahopoulu and Bell, 1993), or due to the interaction between
proteins and polysaccharides, the presence of bacterial cells and filaments of
EPS bound to them, the binding of hydration water that reduces the amount
of free water molecules and consequently increases the apparent
concentration of EPS in the serum phase (Duboc and Mollet, 2001). All these
lead to improving the viscosity of fermented buttermilk. The improvement of
viscosity was observed during cold storage period. Treatments 2and 4
(Fermented buttermilk with Leuconostoc mesenteroides No 12 and
Lactibacillus rhamnosus) gave highest viscosity compared with other
treatments (1 and 2) and control after 15 day of storage period. Rawson and
Marshall (1997) found that a combination of a ropy strain of Lb. bulgaricus
with non-ropy strain of Str. thermophilus produced a viscous product,
whereas the combination of two ropy strains resulted in a product which lost
its viscosity so well.

4.8.2.5. Sensory evaluation

Table (8) presents the sensory evaluation (flavor, body & texture, color
and total scores) of fermented buttermilk treatments during storage period. It
is obvious that fermented buttermilk with Leuconostoc mesenteroides no. 12
and Lactibacillus rhamnosus gained the highest scores when being fresh and
throughout storage. The lowest total score was reported for fermented
buttermilk made with Leuconostoc mesenteroides no. 16. No foreign or
undesirable flavor was detected in all treatments. However, they had a
variable effect on the body and texture of fermented buttermilk. Treatments 2
and 4 had a good body and texture and flavor compared with other
treatments and control. This possibly due to high contents of diacetyl and
acetaldehyde and high viscosity for treatments 2 and 4 compared with other
treatments and control.

Finally, it could be concluded from chemical, microbiological,
reheological properties and sensory evaluation that fermented buttermilk
made with Leuconostoc mesenteroides No 12 and Lactibacillus rhamnosus
{Treatments 2 and 4) could be used to improve the organoleptic and
rheological properties of final product.
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Table (8): Sensory evaluation of fermented buttermilk during storage period.

Fermented | Storage | Flavor | Body&texture | Acid | Color | Total
buttermilk period (40) {30) (20) (10) scor
treatments (days) (100)

0 29 20 16 9 74

3 33 24 17 9 83

Control 5 32 27 17 9 85

7 32 27 17 9 85

10 31 26 16 9 82

15 30 26 16 8 80

0 27 19 17 9 72

3 32 25 17 9 83

1 5 32 27 17 9 85

7 32 27 16 9 84

10 32 26 16 9 83

15 31 26 16 8 80

0 28 20 18 9 75

3 33 25 18 9 85

2 5 33 ' 26 18 9 86

7 33 26 18 | 9 86

10 33 26 17 9 85

15 32 25 17 9 84

0 23 17 17 9 66

3 32 24 17 9 82

3 5 32 25 17 9 83

7 32 25 16 9 82

10 32 25 16 9 82

15 30 24 16 9 82

0 34 22 18 9 83

3 .36 26 18 9 89

4 5 37 28 18 9 92

7 - 37 28 18 9 92

10 36 28 18 9 91

15 35 27 17 9 88

* Treatments (1): starter culture + Leuc. mesenteroides (10), (2): starter culture +
Leuc. mesenteroides (12), (3):starter culture + Leuc. mesenteroides (16), (4): starter
culture + Lb. rhamnosus.
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