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Abstract

Four bacterial strains of Streptococcus thermophilus p were
cultivated in milk permeate and in M17 broth with lactose or
glucese added to select the best strain which can grow on milk
permeate or on M17 to give the highest extracellular bicemulsifiers
yield which was produced by 5. thermophilus p. The best strain
was Streptococcus thermophiius p which gave the highest growth
on milk permeate at 37°C for 24 h at pH 7.

Butter oil-in-water emulsions were stabilized over a broad
range of conditions, from pH 2 to 11, with up to 5% sodium
chloride or sucrose in the aqueous phase. In the presence of a low
concentration of various solutes, emulsions were stable to three
cycles of freezing and thawing.

The main objective of this study was to manufacture frozen
yogurt using different ratios of extracellular bicemulsifiers, which
was produced by S. thermophifus p. The results showed that using
extracellular bicemulsifiers had slight effect on increasing the
specific gravity and weight per gallon in the resultant frozen yogurt.
In addition, extracellular bioemulsifiers reduced the rate of melting.
Generally, using of extraceliular bicemulsifiers in the manufacture
of frozen yogurt improved whipping quality of the mix and gave
smoother body and texture. The preferable concentration of
bicemulsifier produced by S. thermophilus p was 0.2% which
enhanced viscosity, freezing point and overrun, and the product
was more acceptable to consumers.

INTRODUCTION

Emulsifiers are surface-active compounds capable of reducing surface and
interfacial tension at the interfaces between liquids, solids and gases, thereby allowing
them to mix or disperse readily as emulsions in water or other liquids.

The greatest waste disposal problem in cheese industry today is milk
permeate. Up to half million ton / year of raw permeate may be discharged into
sewage disposal system in Egypt. However, utilization of this waste in fermentation for
producing bioingredients is preferable, as permeate contains large amounts of
biodegradable compounds such as lactose, vitamins, nitrogenous substances ...etc.
Using Streptococcus thermophilus to ferment permeate is proposed as an alternative

to reduce environmental pollution.
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Bicemulsifiers are produced by probiotic strains, Strepfococcus thermophilus
P, using conventional synthetic media and its applications was reported by Rodriguez
etal (2006 ).

A probiotic is defined classically as a viable microbial dietary supplement that
beneficially affects the host through its effects in the intestinal tract. This definition,
however, was initially intended for use with animal feed products. For human
nutrition, the following definition has been proposed: “a live microbial food ingredient
that is beneficial to health”,

Frozen desserts have been increased markedly in Egypt, because of their
popularity. The frozen dessert is the frozen yoghurt which has the flavour of yoghurt
and rheological properties of ice cream. Yoghurt is the most popular fermented milk in
Egypt and all over the world. Consumption of yoghurt in Egypt has nearly doubie in
the past three years. The nutritive value of yoghurt is based on the nutritive value of
milk from which it is made, It has increased digestibility, and healthy effects in certain
condition.

Frozen yoghurt can be made using different sweeteners, stabilizers,
emulsifiers flavours and sources of milk solids not fat according to their availability and
price These different ingredients might affect the survival of {probiotic bacteria)
bifidobacteria and factobacifius acidophifus and quality of the resultant frozen yoghurt.

Emulsifiers mechanism can be summarized as follows: they lower the
fat/water interfacial tension in the mix, resulting in protein displacement from the fat
globule surface, which in turn, reduces the stability of the fat globule allowing partial
coalescence during the whipping and freezing process. This leads to the formation a
structure of fat in the frozen product that contributes greatly the texture and
meltdown properties{Groff and Jordan, 1988). The extent of protein was displacement
of the memberan and hence the extent of dreness was achived is a function of the
emulsifier concentration. (Marshall ef a/, 2003).

Consumer interest in frozen yoghurt stems from the desirable nutritionai
properties attributed to the product. In addition to low-fat formulation, frozen yoghurt
supplemented with probiotic bacteria, such as /actobaciflus acidophilus and
bifidobacterium sp. provides additional health benefits. Health aspects attributed to
the consumption of fermented dairy products suppiemented with probiotic bacteria
include improved lactose utilization, anticarcinogenic activity, control of intestinal
infection, and improved flavor and nutritional quality (Baig and Prasad, 1995). The
utilization of lactose during fermentation makes the product more easily digested by

lactose intolerant people (Lorora, and Martin, 1990).
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The aim of this study was to develop a low-cost alternative medium for
bioemulsifier production b\,f S. thermophilus P. Milk permeate was evaluated as
alternative media and compared with the conventional synthetic medium for S.
thermophilus P to produce a food grade extracellular bicemulsifiers and to study the
behaviour of this new extracellular bioemulsifiers on probiotic frozen yoghurt
production.

MATERIALS AND METHODS

Bacteria Strains: Different lactic acid bacteria strains were used In this study.
Streptococcus thermophiius P was obtained from the Laboratrium wiesby GmbH
&Gotteskogslrasse 40-42, D-25899 Niebull, Germany. Streptococcus
thermophilus EMCC 1043 was obtained from Cairo MIRCEN, Faculty of Agriculture, Ain
Shams University. '

Streptococcus thermophilus 026802, and Strepfococcus thermophifus 026809
were obtained from the Chr. Hansen’s Laboratories, Copenhagen, Denmark.
Milk permeate: Fresh buffaio milk permeate was obtained from the Unit of Milk
Industry, Animal Production Research Institute, Agriculture Research Center, Giza. ,
Egypt. Milk permeate contained, 4.8% lactose, 0.2 % nitrogenous substances and fat
free.

Fresh whole buffalo’s milk 6% fat was obtained from the herd of the Dairy
cattle of the Faculty of Agriculture, Ain Shams University.

Low heat skim milk powder {SMP) made in Holland was obtained
from the local market in Cairo.

Fresh Cream was mechanically separated from the fresh
buffalo’s milk that obtained from the herd of the Dairy cattle at the
Faculty of Agriculture, Ain Shams University
Commercial grade granulated sugar cane was obtained from the local
market. Sodium Carboxy methylcellulose {CMC), made by BDH Chemicals LTD.
poole, England and Vanilla {Chem. Rein 100%) made by Boehringer
Manheim GMB, Germany and emulsifier mono-glyceride (Glycerol monoleate) (GMQO)
were obtained from the local market.
Microbiological media; The following media were obtained from Oxoid Division of
Oxoid LTD, London: Violet Red Bile agar (V.R.B.A.), Trypton soya agar (T.S.A.), yeast
extract peptone agar (Y.E.P.A.), S.S. agar and Baird parker's agar.
Media used and growth conditions

Streptococcus thermophifus strains were grown in either M17 broth or milk

permeate medium previously sterilized at 121 °C for 15 min. The media were
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inoculated with 2% volume of precultured strains grown in M17 broth for 24h, then,
incubated at 37°C in a shaking water bath (JULABC LABORTE CHNIK GMBH
D.7633 Seelbach, Germany) with agitation rate 150 rpm for 24h. Experiments were
carried out in triplicate. Samples were taken every 24h. The samples were analyzed
for Biomass dry weight, carbohydrate, lactose and bioemuisifier yield.

Screening of strains

Erlenmeyer flasks {500 mi} containing 100 ml of Modified M17 broth or milk
permeate were inoculated with 6% of 24 h active culture and incubated at 37°C for
24 h.

Four bacteria strains of Streptococcus thermophiis were tested on one liter
Modular fermentor {(Mini Bioreactor, A. Gallen Kamp & Co. Ltd.) operated at 37°C for
their abiity to produce significant amounts of the emulsifying agent.

Production of emulsifier

To test bicemulsifier production using alternative fermentation media, batch
fermentations were carried out as shown in Table 1. The conventional synthetic
medium was prepared according to the supplier instructions (OXOID, Basingstoke,
England). Streptococcus thermophilus P was tested on one liter Modular bioreactor
(Mini Bioreactor, A, Gallen Kamp & Co. Ltd.) fitted with agitation control, as well as
temperature and pH measurement control was used. The temperature was maintained
at 37 °C for 24 h, the pH at 6.7 by automatic addition of a potassium hydroxide
solution, and the agitation speed was set at 150 rpm. The total working volume was
0.5 L.

In order to compare the amount of cefl-bound bisemulsifiers produced by the
bacteria grown in standard and optimized medium, the bicemulsifiers were released
by the stationary phase cells using the PBS extraction procedure as described below.
Briefly, the bacteria were left at room temperature for 2 h in 100 ml potassium buffer
pH 7 with gentle stirring for cell-bound bicemulsifiers release, Subsequently, the
bacteria were removed by centrifugation and the remaining supernatant liquid was
filtered through a 0.22 mm pore-size filter (Millipore). The supernatant was dialyzed
against demineralized water at 4 C in a Spectrapor membrane tube (molecular weight
cut off 6000-8000, Spectrum Medical Industries Inc., CA) and freeze-dried. The mass

produced bicemuisifiers {milligram per gram cell dry weight) was determined.
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Table 1. Medium composition used in the fermentation for tested strain (5.

thermophiits P).
—
Medium
A M17 broth
B MP (50 g/L Lactose + 3 g/LYE + 5g/L PEP
C MP (50 g/ Lactose + 3 g/LYE + 10g/L PEP
D MP (50 g/L Lactose + 22 g/LYE + 15g/L PEP

MP, Milk Premeate, YE, yeast extract, PEP, peptone.

Biomass Dry Weight: At the end of fermentation period (24 h), bacteria cells in
fermentation medium were killed by thermal treatment (75 °C for 15 min.) as
suggested by (Ming-Lo, 1997).Yeast cells were harvested by centrifugation at 16000 g
for 20 min, and then, dried at 105 °C until the change of weight waé negligible.
Methods of analysis

The following parameters were determined in bicemulsifiers:

Emulsification activity determination _

Emulsification activity was evaluated as described by Cameron et &/ (1988).
Bicemulsifiers was dissolved (0.2 %) in 4 ml of distilled water and 6 ml of kerosene or
butter oil .The tube homogeneity is achieved by vortex. After one hour, the emulsified
proportion of kerosene or butter oil was compared with the total volume of kerosene
or butter oil added. Emulsion generated by vigorous mixing separated completely
within one hr, in absence of any emulsifying agents.

Evaluation of emulsification stability

Effect of some parameters, namely, pH range of 2-11, sodium chloride
concentrations up to 5% sucrose concentration up to 15%, heat treatment at 63°C /
30 min., freezing at -18°C for 16 hr followed by thawing at 25°C for 8h and
refrigeration at 4°C for 30 days was carried out. The stability of purified intraceliular
emulsifier was evaluated as mentioned by Cameron et. af, (1988).

Preparation of yoghurt

For prepraring yoghurt, buffalo’s milk was standardized to 4% fat. milks was
exposed for yoghurt manufacture according to Tamime & Riboinson(1985) milk was
cooled to 42 °C and starter composed of 3% of normal starter Steptococcus
thermophifus and  Lactobaciflus defbreukii subsp bulgaricus ,at the ratio of 2:1
respectively) and the other milk was composed of 2% Bifidobacterium befidium ATCC
15696 , 1% Lb. acidophilus TISTR 450 and 2% of normal starter. The yoghurt milk
was filled into suitable containers covered and incubated at 42 °C for about 3h . The
containers were transferred to the refrigerator at 5 °C, where they were kept for

overnight to use in frozen yoghurt manufacture..
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Frozen yoghurt base mix (the control) was prepared to contain 4% fat.12%
MSNF, 15% sucrose, 0.2% stabilizer CMC. 0.05% vanilla afd 0.2% commercial

emulsifier (Glycerolmonoolate) the other frozen yoghurt base mix was prepared to

contain the same contents except the emulsifier which was added at different ratios of

extratracellular bioemulsifer from S, thermophilus p at the levels of 0.1, 0.2, or nil%

respectively as shown in Table (2). The manufacture was carried out as described by

Bradly & Winder (1977). Three replicates were done for every treatment.

Table 2. The formulas {kg / 100 kg) of frozen yoghurt mix by replacement of
extracellular bioemulsifier with different levels.

Level of replacement

Ingredient
% of extracellular biocemulsifiers
Nil {Control) GMQ 0.2% 0.05% 0.1% 0.2%

Cream

27.30 27.30 27.30 27.30 27.30
{38% fat, 4.5 % SNF)
Liquid milk

52.18 52.18 52.18 52.18 52.18
{4% fab)
Dried skim milk

4.22 4.22 4.17 4.12 4.02
(95% DM)
Sucrose 161 16.1 16.1 16.1 16.1
Stabilizer

0.20 0.20 0.20 0.20 0.20
(Mg
Intraceltular bicemulsifier 0.00 0.00 0.05 0.10 0.20
Yoghurt 100.00 100.00 100.00 100.00 100.00

SNF: Solids not fat DM: Dry matter

GMO: glecercl monoolate,

CMC: Sodium carboxy methylcellulose

Chemical analysis of frozen yoghurt

Fresh and stored frozen yoghurt were analyzed for acidity according to Ling

(1963) and the pH of the sample was determined by using a glass electrode pH meter
(lutron pH-206. UK). Dry matter (DM) content was determined , fat content and
protein content (Total nitrogen x 6.38) were determined according to AQAC (1994),

Ash content was determined according to Pearson (1973).
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Physical properties of frozen yoghurt
Specific gravity

The specific gravity of frozen yoghurt was determined by the method
described by Winston, (1958). The weight per gallon of both mixes and frozen ice
cream in pounds was directly calculated according to Burke (1947) by multiplying the
specific gravity of the mix by the factor 8.34 (the weight per gallon of water in
pounds). Overrun percent was according to Arbuckle (1986). Melting resistance:
Melting rates were determined as described by Reid and Painter (1933).
Microbiological analysis

Bifidobacteria! count was determined using modified MRS agar supplemented
with 0.05% L-Cystein and 0.3% lithium chloride according to Dave and Shah (1996).
Lactobacilli count was determined using MRS agar according to De Man et af, {1960).
Total bacterial counts of frozen yoghurt were determined using standard plate count,
SPC, method (Marth, 1978).
Sensory evaluation: The organoleptic properties of frozen yoghurt treatments were
assessed according to Farag et a/ (1993). for flavor {50 points), body and texture (40
points), and 10 points for melting quality (100 total score) by 20 panelists of the
experienced staff members of the dairy Science Department, Animal Production

Research Institute, Agriculture Research Center,
RESULTS AND DISCUSSION

Bioemulsifier production using conventional synthetic medium

Fermentation control runs were carried out using the conventional synthetic
medium M17 broth (A as defined in Table 1).

Bioemulsifier production using milk premeate

Fermentations were carried out using milk premeate supplemented with yeast
extract and peptone as culture broth for studied strains. Different sets of medium
contain in yeast extract and peptone were evaluated. For both strains growing in all
the tested mitk premeate medium (B, C, D as defined in Table 1), the results indicated
lactose consumption, biomass growth and bicemulsifier production, respectively.

The purified emulsifiers were tested for their stabilization under a widerange
of chemical and physical conditions which might be encountered in various
applications. To facilitate the detection of the possible effects of pH, sodium chloride
and sucrose on emulsification, emulsions were prepared with 0.2% (w/v) purified
emulsifier,

Data recorded in Table {3} show, the effect of different levels of pH values on

the emulsion of 5. thermophilus P emulsifier {containing 0.2% purified emulsifier).
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It was noticed that the maximum relative emulsifier activity was obtained at
pH 4, 6 and 8. However, at pH 10 1.9% loss of relative emulsifier activity was noticed.
The results showed that the best pH values which gave the highest relative emulsifier
activity ranged between 4 - 8.

Data recorded in Table 3 show also the effect of different concentrations of
sucrose. It was observed that, in presence of 2 to & % {w / v) sucrose, there was no
loss in emulsion activity, compared to the estimated loss with 10 % and 15 % sucrose,

Data recorded in Table 3 show the effect of different concentrations of
sodium chloride It was observed that in presence of 2 to 6 % (w / v) sodium chioride,
there was no loss in emulsion activity , compared to the loss found when NaCl
concentration increased above that. These results are in agreement with those results
obtained by Roushdy (1997}.

Table 3. Stability of emulsion with a purified extracellular bicemulsifier from
Streptococcus thermophilus P at different pH values, sucrose and sodium
chloride concentrations.

pH butter ¢il phase SuUCrose butter cil phase Nacl butter oil phase
value emulsified (%) % emulsified (%) % emulsified (%)

2 90 o 91.66 0 91.66

1

4 93 1 91.66 2 91.66

6 93 2.5 83.30 4 91.66

8 93 5 81.66 6 91.66

10 91 10 75.00 8 66.66

|
11 91 15 75.00 12 66.66

Effect of heat treatments and storage condition on relative emulsifier
activity of extracellular emulsifier

Physical treatments known to reduce emulsion stability were tested on
emulsion containing 0.2% purified emulsifier. Different heat treatments ( 60, 70, 80
and 90 °C) were used to show the effect of heating on refative emulsifier activity.
The results were illustrated in Table (4). It was ncticed that the effect of heating
times were more pronounced than the temperature used. Thus, the broad range of
pH stability, thermo stability and salt tolerance suggested that, the isolate

bioemulsifier could be useful in the dairy industry. (Cirigliano and Carman 1984).
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The same table indicates that emulsification activity decreased to 85.3% after
3 cycles of freezing and thawing. Similar results have been reported for S. ceenvisiae
bicemulsifier bicemulsifier (Cameron ef af, 1988).

Effect of storage condition was also presented in table (4). Obtained results
showed that storing at room temperature (25°C) caused more decreasing in
emuisification activity of bioemulsifier comparing to storing in refrigerator (4°C).

Table 4. Effect of heat treatments, freezing, thawing and storage condition on stability
of emulsions with a purified extracellular bioemulsifier from Strepfococcus

thermophiius P.
Treatment butter oil phase emulsified (%)
Before After
Heat treatments
63 °C for 30 min 91.66 5833
72°C for 15 sec 91.66 77.00
85°C for 10 min 91.66 76.66
90°C for 10 min 91.66 66.66
Freeze-thaw cycles:
1=
2% 91.66 91.0
3¢ 91.6 89.0
90.0 85.3
Storage at :
4 °C for 30 days 91.66 90.2
25+1 °C for 15 days 91.66 g§2.0

Chemical composition of frozen yoghurt mixes

Chemical composition of frozen yoghurt mixes are shown in Table 5. TS%,
Fat% and total protein content did not affect with the type of starter cultures used in
all treatments compared with control frozen yoghurt. This may be due to the same
chemical composition in the initial milk used in the manufacture of frozen yoghurt.
Total solids content: From the results also presented in Table 5, it could be noticed
that the average dry matter of frozen yoghurt mixes with or without the addition of
extracellular bioemulsifiers from S. thermophilus P by 0.05, 0.1 and 0.2% were 75.6,
79.4 and 72.9%, respectively which are similarl to the control (Table 5).
Fat content: Table 5 show that fat content in all frozen yoghurt mixes including
control was in narrow figures and ranged between 12.0 to 12.15% in all mix samples.
The slight differences in fat values are due to the experimental error since the fat was

adjusted in all mix samples during preparation to be 12%,
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Protein content: From the results presented in Table 5, it was noticed that the
whole replacement of commercial emulsifier with extracellular bioemulsifier from 5.
thermophilus P had no effect on protein content of frozen yoghurt.

Ash content, titratable acidity and pH of ali mixes were nearly similar to the control.

Table 5. Chemical properties of frozen yoghurt mixes as affected by the percentages
of extracellular bioemulsifiers from Streptococcus thermophilus P,

Property Nil % GMO % of extracellular bioemuisifiers
Controf 0.2 0.05 0.1 0.2
Total solids % 70.2 79.1 75.6 79.4 72.9
Fat % 12.02 12.0 12.15 12.03 12.05
Protein % (T.N x 6.38) 4.67 4,74 4,08 4.73 4.78
Ash % 1.104 1.101 1.093 1.098 1.108
pH value 5.036 56 491 5.04 4.84
Titratable acidity % 0.8 0.78 0.9 0.92 0.79

GMO: glecerol monoolate.

Physical properties of frozen yoghurt mixes
Specific gravity and weight per galion

Physical properties of frozen yoghurt mixes with different levels of
extraceliular bioemulsifiers produced by S. thermophilus P are presented in Table 6.
The specific gravity of control mix was 0.977 while it was 1.071, 1.378 and 1.005 for
mixes with 0.05, 0.1 and 0.2% of extracellular bioemulsifier. The forementioned
values indicated that the added bicemulsifier has no effect on the specific gravity
values or weight per gallon of frozen yoghurt mixes. Weight per gallon of frozen
yoghurt mixes were, 8,9326, 8.6549, 8.38142and 8.1525 for control and treatments
with 0.05, 0.1 and 0.2% of extraceilular bioemulsifier respectively.
Freezing point: Freezing point of frozen yoghurt mixes with different levels of
exracellular bicemulsifiers are also presented in Table (6).1t is clear that freezing point
decreased when emulsifiers were used, and decreasing was in positive relation with
emulsifier ratio,
Viscosity: Viscosity values of treatments are reported in Table 6. Among treatments
with bioemulsifier, the viscosity values increased by increasing the ratio added of
bioemulsifier to the mix being highest in the treatments with 0.2% of extracellutar
bicemulsifier. Viscosity increased proportionally by increasing of new extracellular

bioemulsifier ratios.
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Table 6. Physical properties of frozen yoghurt mixes asaffected by the percentages of
extracellular bioemulsifiers from Streptococcus thermophilus p.

Property Nil % of extracellular bicemulsifiers
Control GMO 0.2 % 0.05 0.1 0.2
Specific gravity
0.977 0.945 1.071 1.378 1.005
Weight per galion 8.153 7.879 B.933 8.655 8.381
Freezing point C -2.45 2,75 -2.80 -3.25 -3.15
Viscosity (¢.p) 301.9 432.2 434.4 488.3 491.7

GMQ: glecerel monoolate.

Physical properties of resultant frozen yoghurt
Specific gravity: Specific gravity of frozen yoghurt with different levels of
extracellular bioemulsifiers produced by S. thermophilus P are presented in Table 7.
Frozen yoghurt with extracellular bioemulsifier had sp. gr. values of 0.950, 0.954 and
0.841 for 0.05, 0.1 and 0.2 % emuisifier respectively. which mean a slight effect on
specific gravity values.
Weight per gallon

Weight per gallon of the frozen yoghurt mixes were in the same trend as
specific gravity since it was calculated by sp. gr. values. Weight per gallon of frozen
yoghurt was, 7,925, 7.955, 7.012and 6.7657 for control and treatments with 0.05, 0.1
and 0.2 % of extracellular bioemulsifier respectively.
Overrun: Overrun values of the frozen yoghurt reported in Table 7 were 60.92,
62.52, 64.53 and 58.60% for control and treatments with 0.05, 0.1 and 0.2 % of
extraceilular bioemulsifier respectively. From the data presented it can be seen that
the control sample had significantly lower overrun value than that with extracellular
bioemulsifier. The results also indicated that the samples with extraceliular
hicemulsifier possessed significantly higher overrun values.
Melting resistance: Table 7 showed the effect of adding extracellular bioemulsifier
on the melting resistance of frozen yoghurt, From these data, it could be seen that the
melting resistance of frozen yoghurt proportionally increased with increasing of
extracellular bioemulsifier added.
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Table 7. Physical properties of fresh frozen yoghurt as affected by the level
percentages of extracellular bioemulsifiers from Streptococcus thermophilus P.

Property Nil % of extracellular bioemulsifiers
Contral 0.2% GMO 0.05 0.1 0.2
Specific gravity
0.811 0.988 0.950 0.954 0.841
6.765 8.240 7.925 7.955 7.012
Weight per gatlon
Overrun % 58.60 54.70 60.92 62.52 64.53
Melting resistance
loss %
After1l5 min 33.3 26.10 11.20 8.80 11.7
After 30 min 57.10 33.80 31.80 28.80 34.30
After 45 min 66.52 55.79 57.00 62.40 44,00
After 60 min 76.70 79.50 79.50 78.40 77.26
After 75 min 96.00 91.70 86.70 83.43 80.99

GMO: glecerol monoolate.
Effect of storage period on acidity and pH of resultant frozen yoghurt

Data presented in table 8 show changes of titratable acidity and pH values of
frozen yoghurt samples during storage period. Obtained values clearly show very slight
increase in T.A.% and very slight decrease in pH values during storage period for 6
weeks.

Table 8. Effect of storage period on acidity (%) and pH values of frozen yoghurt made
with different level of extracellular bicemulsifiers from Streptococcus
thermophiius p.

Treatment Storage period {weeks)
% of extraceflular
bioemulsifiers 0 | 2 4 l 6 | 8
pH values
Control 5.3 4,82 4.82 4.82 4.82
GMO (0.2 % ) 5.6 5.24 5.24 5.20 5.20
0.05 4.91 4,73 4,71 4.60 4.60
0.1 5.04 4.95 4.93 4.85 4.83
0.2 4.84 4.88 4.88 4.83 4,81
Titratable acidity %

Control 0.70 0.70 0.70 0.70 0.70
GMO™ (0.2 % ) 0.73 0.74 .74 0.75 0.75
0.05 0.69 0.70 0.71 0.72 0.72
0.1 0.73 0.74 0.75 0.76 0.76
0.2 0.70 0.69 Q.69 0.71 0.72

*GMO: (glecerol monoolate).
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Effect of storage period on chemical properties of resultant frozen yoghurt
Total solids conten: From the results presented in Table 9, it could be noticed that
the average of T.S% with the addition of extracellular bicemulsifiers from 5.
thermophifus P by 0.05, 0.1 and 0.2% were 31. 4, 30.5 and 30.6% respectively.
During storage period, no significant changes could-be noticed.

Fat content: Table 9, shows that fat content in al! resultant frozen yoghurt samples
including control were in narrow figures and ranged between 11.9 to 12.08%. During
storage period, slight differences in fat values were found due to the experimental
error since the fat was adjusted in all mix samples during preparation to be 12%.
Protein content: From the results presented in Table 9, it was clear that the whole
replacement of commercial emulsifier with extracellular bicemulsifier from 5.
thermophifus P has slightly effect on protein contents of resultant frozen yoghurt. No
remarkable changes were detected with protein content values throughout storage
period.

Ash content: The replacement of extracellular bioemulsifiers showed slightly effect
on the ash content during storage period of resultant frozen yoghurt.

Table 9. Effect of storage period on chemical compaosition of frozen yoghurt made with
different leveis of extracelluiar bicemulsifiers from Streptococcus
thermophilus P.

Storage period (weeks)
Treatment
% of extraceliular @ 2 4 6 8
bioemulsifiers Total solids {%}
Control 298 2975 | 2080 | 2930 29.91
GMO (0.2 %) 30.9 3112 31.12 31.05 31.20
0.05 31.4 31.49 31.44 31.64 31.55
0.1 30.5 30.50 30.54 30.42 30.70
0.2 30.6 30.66 31.01 30.83 30.86
Fat %
Control 12.0 119 119 12.0
GMO (0.2 %) 11.9 12.0 12.0 12
0.05 12.0 120 12.0 120
0.1 11.9 119 11.9 11.9
0.2 119 11.9 12,0 12.0
Protein % (T.N x 6.38)
Control 4.67 4.67 4.69 4.68 4.90
GMO (0.2 % ) 4.74 4.77 4.77 4,79 4.82
0.05 4.68 4.71 4.69 4.73 4.75
0.1 473 4.76 4.78 4.75 4.82
0.2 4.78 4.79 4.84 4.80 4.83
Ash %
Control 1,104 1.100 1.122 1.123 1.157
GMO (0.2 % ) 1.049 1.076 1.055 1.077 1.127
0.05 1.039 1.098 1.075 1.141 1.121
0.1 1.047 1.005 1.066 1.094 1.155
0.2 1.048 1.086 1.100 1.120 1135 |

GMO: glecero! monoolate.
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Bacteriological properties of resultant frozen yoghurt

The microbiglogical quality of produced frozen yoghurt is illustrated in Table 10.
Counts of total bacterial decreased gradually in all treatments up to the end of storage
period. This may be attributed to the effect of freezing during storage on bacterial
growth (Banwart, 1980,

These result are in agreement with those obtained by Kebary (1996), Baig and
Prased (1997) who found that total bacterial counts decreased during preparation and
storage of frozen yoghurt.

Lactic acid bacterial counts followed similar trends of the total bacterial count.
Lactic acid bacterial counts decreased gradually in all treatments up to the end of
storage period (Table 10). These results are in agreement with those obtained by
Inoue ef a/ (1998) who stored frozen yoghurt for 6 months at -35 and found that the
counts of viable lactic acid bacteria decreased during storage.

Also results indicated that the count of Bifldobacteria decreased gradually as
storage period advanced in all treatments. The count of Bifidobacteria in all treatments
are still higher than the minimum level (10°cfu/ml} and that will achieve the beneficial
effects of Bifidobacteria (Samona and Robinson 1991, Hunger and Peitersen, 1992).

Table 10. Effect of storage period on micrebiological analysis of frozen yoghurt made
with different levels of extracelluiar bicemulsifiers from Streptococcus

thermophilus p.
Treatment
% of extracellular Storage period (weeks)
bipemulsifiers 0 i 2 J 4 L 6 r 8
Total bacterial count {cfu/ml x 10°%)
Control . Tve Te, 14, YAG
GMO (0.2 &) 3. Y4, Yv. Vo 40
0.05 31, ra 3. Y. Y.
0.1 3. 30. Y40 . vr.
0.2 30. 300 Y92 YA V.
Lactic acid bacterial count (cfu/ml x 10°)
Control 300 290 280 280 125
GMO (0.2 %} 180 160 135 121 98
(.05 250 220 180 140 aQ
0.1 300 250 210 190 180
0.2 223 210 205 155 100
Bifidgbacterial count (cfu/ml x 10%)

Control 105 95 74 64 60
GMO (0.2 %) 167 100 90 81 75
0.05 136G 120 115 95 82
0.1 270 260 132 125 103
0.2 230 218 202 180 115

GMO: glecerol monoolate.
Organoleptic properties of resultant frozen yoghurt

The average sensory score points of different resultant frozen yoghurt
treatments manufactured with adding extracellular bioemulsifiers are shown in Table
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11. It is obvious that the control sample had total score 91.5 points. However, the
resultant frozen yoghurt containing 0.05, 0.1 and 0.2% extracellular bioemulsifiers
possessed total score points 96.5, 97.5 and 98.5 respectivly. These data indicated that
the addition of extracellular bicemulsifiers to frozen yoghurt mixes, at the
concentration of 0.05, 0.1 and 0.2% enhanced the quality of resulting frozen yoghurt.
The highest score of melting quality was found in the treatment with 0.2% of
extracellular bioemulsifiers, These results are in accordance with those of Marshal ef
al, (2003) who conduded that low levels of emuisifier added as emulsifying agent
achieved satisfactory physical and sensory properties in the resulting frozen yoghurt.

Table 11. QOrganoleptic scores of frozen yoghurt made with different levels of
extracellular bioemulsifiers from S. thermophilus p.

Treatment Storage period (weeks)
% of extracellular 0 ’ 3 [ P 1 6 T 8
bigemulsifiers
Flavour {50)
Control £ 47 46 46 45
[y
GMOO(géZ ) 49 48 47 45 45
0' 1 o, 49 48 47 46
’ 45 48 47 46
0.2 e
49 48 46 46
[~}
Bady and Texture (40)
Control 355 355 34 33 31
GMO (0.2 % ) 37 37 36 32 31
0.05 37.5 37 37 35 34
0.1 38 38 37 36 35
0.2 39 38 37 36 35
Melting quality {10}
Control 9.0 8.0 7.0 6.0 5.0
GMO (0.2 % ) 8.0 8.0 7.0 6.0 50
0.05 9.0 9.0 8.0 7.0 6.0
0.1 9.5 9.0 3.0 6.5 6.0
0.2 o 9.5 9.0 8.0 7.5 - 6.5
Total score (100}
Control 92.5 90.5 87 8% 81
GMO (0.2 %) 94 93 90 83 81
.05 96.5 95 93 89 86
0.1 975 56.5 93.5 20 87.5
0.2 98.5 9% 93 89.5 87.5
GMO: glecerol monoolate,
CONCLUSION

Streptococcus thermophifus p showed a good performance for glucose or
lactose to bicemuisifier fermentation using the costly M17, which includes among
others yeast extract and peptone. When the conventional synthetic media were
replaced by cheaper alternative media, as milk prerheate, in all cases fermentations
were carried out effectively with high yields and productivities of bioemulsifier. The
best resuits, even higher than those obtained with the conventional synthetic media,
were obtained using supplemented milk premeate , thus it can be used as an
alternative economical medium for bioemulsifier production.
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