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Abstract: Soya Protein fsolates (SPI) (92%) protein was used at different levels to substitute the non fat dry milk in fow
Jat yoghurt and ice cream manufacture. Addition of SPI improved the viscosity and other rhealogical properties of the
resultant yoghurt, enhanced the buffering capacity of yoghurt in low and neutral conditions and reduced the curd
syneresis rate. However, in ice cream manufacture, SPI enhanced the rheological properties and overrun. SPI
treatments revealed less scores for flavour and higher scores for body and texture for the resultant yoghurt and ice
cream. The foregoing results indicate that SPI could be successfully used ar level up to 3.13% for the production af
good quality yoghurt and up to 4.75% for producing ice cream acceptable taste and texture,
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INTRODUCTION

. Soya dairy products are still relatively unknown in
Middle East while it has gained steadily in popularity in
the USA since its introduction a few years, The same
trend will spread to Europe since consumers are
becoming increasingly interested in alternatives to
traditional foodstuffs and particularly in products which
improved the health profile (Moller, 1991). Most soya
dairy products produced so far has been made from tofu,
even through this associated with two major problems.
One is an unsatisfactory taste and the other is the heavy
mvestment in equipment for converting whole soybean
into tofu. Therefore, many manufacturers have been
looking for alternative methods. They have now got a
new possibility as much as improvement has taken place
in the soya processing industry in recent years. It is now
possible with the help of soya protein concentrate to
produce soya dairy products with a neutral taste
(Tantecratarm et al., 1993).Sova protein products are
generally divided into three categories:

1- Soya flour (minimum 50% protein in dry

matter).

2- Soya concentraies {minimum 70% protein in
dry matter).

3- Soya isolates (minimum 90% protein in dry
matter),

It is exactly in this respect that soya dairy products
offer a number of advantages over conventional dairy
products. Soya products contain no cholesterol and
studies show that sova protein lowers given levels of
cholesterol. Another aspect is allergy (o milk,
consumers who are allergic to milk protein or who are
lactose intolerant will welcome these products (Synder
and Kwon 1987) .As already mentioned dairy -like
products based on soya protein are frequently associated
with an unacceptable taste but as it happens in other
industries, the soya protein industry has made some
significant product improvement and the type of soya
protein which has demonstrated the best performance in
this test. i.e. soluble soya protein concentrate, belongs to
a recently developed group of soya products with a

neutral taste. It is evident that soya protein contains all
the essential amino acids, even in balanced quantities
and that it has a nutritive value equal to that of meat,
milk and egg protein.

Overtime, many researchers have studied and
developed many dairy products enriched with soy milk
or soya extract of publishing work
(Hammad et af., (1985); Buono et al., {1990); Moller
(1991); El- Safty et al., (1992); El-Gazzar and Hafez
(1992); Ankenman and Morr {1996);

El-Sayed er al., (1998); Ammar er al.,(2000); Gomaa et
al., (2000a,b).

Therefore the aim of this study was to evaluale the
possibility of making a functional low fat yoghurt and
ice cream with a number of health benefits from cow's
milk fortified with different levels of soya protein
isolate and to investigate the effect of replacing rate of
non-fat dry milk with soya protein isolate on the
chemical, rheological and organoleptic properties of
yoghurt and icc cream.

MATERIALS AND METHOD

1-Yoghurt production:

Yoghurt was produced according to the
formulations in (Table 1), cow’s milk was obtained
from herds of Faculty of Agriculture, Suez Canal
University and standardized to about 2.1% fat and 9%
SNF and soya protein isolate (92 % protein, Armor
proteins Saint-Brice en Cogles, France) was used in
partially or complete replacement skim milk powder
(Holand) used in manufacture of control yogurt (2% fat
and 13% SNF).

The milks were then pasteurized 72 °C/5 min and
cooled to 40 °C .One gram of direct set frozen yoghurt
starter ( S thermophilus + L. delbrueckii subsp.
bulgaricus) {(obtained from CHR-Hansen's, Denmark)
was incubated for Ih in iL of sterilized skim milk at
40°C .Prepared culture was inoculated at the ratio of 50
ml per 1L of yoghurt milk. The milks were than
incubated at 43°C until clotting (= 3h). Yoghurt were
stored at about 3°C
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Table (1): Composition of low fat yoghurt milks containing different levels of soya protein isolate (gm/100gm).

Treatments Ty T, T, Ts
Ingredients
Standardized cow's milk (2.1% fat, 9% S.N.F). 95.3 953 95.3 953
Skim milk powder : 4.7 313 1.57 0.00
SPI 0.00 1.57 313 4.7
Substitute ratio 0 33.3 66.66 100

Ty yoghurt mitk containing standardized cow's milk+ skim milk powder( centrol)

T,; yoghurt milk containing standardized cow's milk and SPI substituted 33.3% of the skim milk powder
Ty: yoghurt milk containing standardized cow's milk and SPI substituted 66.6% of the skim milk powder
Ta: yoghurt milk containing standardized cow’s milk and SPI substituted 100% of the skim milk powder

and cvaluated after 1,510 and 15 days. The whole
experiment was repeated three times.

Methods of analyses:

The fat, protein and dry matter contents and acidity
of milk and other ingredients used in yoghurt
manufacture were analyzed by standard methods
(Marshall, 1992). During storage, yoghurt samples were
checked for pH (Jenway pH meter electrode No. 29010,
Jenway limited, England).

Buffer capacity:

Buffer capacity of yoghurt was measured according
to Martini et al. (1985). Buffer capacity lower than the
initial pH (4.1 1o 2.0) of yoghurt was obtained by
titrating diluted yoghurt sample (10g sample diluted
with 10.0g of distilled water) with 1 N HCL. Half ml
increments of 1 N HCI were added to the sample, mixed
thoroughly and pH values were recorded. Similarly,
buffer capacity values above the initial pH (4.1 to 8.2)of
yoghurt were determined by titrating with 1 N NaOH.

Syneresis:

The susceptibility of yoghurt to syneresis was
measured by the following two methods:
A- Drainage method reported by Lorenzen et al. (2002)
where 30g of set-style yoghurt were put on an analysis
sieve, placed on the top of a glass beaker by the help of
an ice cream scoop. The weight of drained whey after
2h at 6°C was related to the initial weight of yoghurt and
expressed in percent,
B- Centrifugation method: 50g of set-style yoghurt was
centrifuged using IEC PR-700 Centrifuge, USA at 2500
X g for 5 min. The weight of supernatant whey was
determined and expressed in percent.

Rheological Properties:

To determine the rheclogical propertics (Viscosity,
Consistency and flow index). yoghurt samples were
stirred for 5 min to achieve visually homogeneous slurry
(Lankes et al, 1998) before measurements. The
rheological properties were measured using a
Brookfield  viscometer (Brookfield Engineering
Laboratories, Inc., MA. USA), equipped with a SC4-
21spindle running at 25 rpm. Measurements were made
in the temperature of 24°C in shear rate ranging from
23.3 1023255,

Organoleptic Properties:

Organoleptic  assessment of yoghurt samples
included flavour (10 points), Body and texture (10
pointg), and colour and appearance (3 points). The
organoleptic attributes were rated using 25-point scale
by panelists from the staff of the Dairy Department,
Suez Canal University.

2-Ice Cream production:

Materials:

Cow’s milk was obtained from herds of Faculty of
Agriculture, Suez Canal University and standardized to
about 3.0% fat and 9% SNF. Skim milk powder 93% TS
was imported from Holland, cane sugar and vanillin
were obtained from local market, gelatin solution (10%)
was prepared from gelatin powder (ADWIC, El-Nasr
Pharmaceutics Chemicals Co. Egypt). Soya protein
isolate (SPI 92 % prolein) Armor proteins Saint-Brice
en Cogles, France.

Preparation of different mixes:

The ice cream mixes were prepared according to
Arbuckle (1986). The mixes consisted of 2% fat, 15%
SNF, 15% sugar, 0.3% gelatin and 0.03 % vanilla. The
mixes were prepared using the formulation in (Table 2)
and processed as shown in Figure (1).

Methods of analyses:

The total solids, fat, acidity were determined
according to {AOAC, 1990), pH by using digital pH
meter, The specific gravity of the mix was determined
using the method described by Winton {1958), weight
per gallon according to {Burke, 1947). Freezing point
(FAQ, 1977). The viscosity. consistency and flow index
of the mix were carried out as described by Petersen ef
al., (2000) using a Brookfield viscometer (Brookfied
Engincering Laboratories. Inc,, MA, USA), equipped
with a SC 4-21 spingle running at 25 rpm.
Measurements were made at temperature of 5°C in shear
rate ranging from 9.3 to 93.

Melting down percent and overrun were determined
according to Arbuckle (1986). The sensory evaluations
were assessed by the slaff of the Dairy Department.,
Suez Canal University using the following scaie for
flavour, (50 points), body and texture {40 points) and
appearance (10 points)
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Table (2): Composition of low fat ice cream mixes containing different level of Soya protein isolates (g/100g mix)

Treatments Te T, T, T,
_Ingredients

Sugars 15 15 15 T t5
Gelatin solution 5 5 | 5 5
Standardized milk 68 68 68 68
Skim milk powder 95 7.1 4.75 24
(SPI) 0.00 2.4 - 475 7.1
water 2.5 2.5 25 25
Substitute ratio 0 25 50 75

T,.low fat ice cream mix containing 0.00% (SPI)
T,: low fat ice cream mix containing 2.4% (SPI)
T.. low fat ice cream mix containing 4.75% (SPI)
T, low fat ice cream mix containing 7.1%(SPI)

Figure (1): Processing steps for production of low fat ice cream containing different levels of SPIL.

Mixing milk ingredients

Heat treatment (72 °C /5min.)

-

Cooling 4-5C

Apgeing at (4-3 U/ 24 hour)

Freezing( 60-74% overrun }

Filling

Hardening and Storage at ( -18°C )

RESULTS AND DISCUSSION
1-Yoghurt

Acidity and pH:

Data presents in (Table 3) indicate that yoghurt
made with addition SPI has relatively high titratable
acidity values than control treatment. The acidity vaiue
was increased as the level of SPT was increased. This
may be due to the effect of protein content on the
acidity of the product. Abou-Donia er af {1980}
evaluated the quality of yoghurt fortification with soy
extract. They concluded that the level of acidity
increased gradually as the level of soy extract increascd.

The acidity of all yoghurt gradually increased along
the cold storage to reach the maximum values at the end
period, The inittal pH values after one day ranges from
4.4- 4.5 in all yoghurt samples.

In the fifth day of storage the pH did not change and
in the tenth day dropped slightly to 4.2-4.3. Hence, the
pH of the yoghurt remained almost stable (=4.0) during

the fifteen days of storage which could be attributed to
high buffering capacity of yoghurt, These results are in
accordance with those of Kaiasapathy and Supriadi
(1996).

Buffering Capacity:

All yoghurt samples showed high buffer capacity in
acidic conditions (Table 4). The IN HCI titrant needed
to decrease pH from 4.1 to 2.0 was higher than the
INaQH titrant needed to increase pH from 4.1 to 8.2.

Similar observation was reported by Kalasapathy
and Supriadi{1996) for yoghurt fortified by whey
protein,

Curd syneresis:

The syneresis values of low fat yoghurt containing
different level of SPI (Table §) measured by either the
drainage or centrifugation methods showed a gradual
decrease with increasing the a mount of SPI added to
yoghurt milk.
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Table (3): Acidity% and pH values of low fat yoghurt containing different level of SPI during celd storage.

Treatments T, T, T, T,
Storage Periods
Acidity%
1 day 0.80 0.83 0.86 0.91
5 days 085 0.86 0.88 0.91
10 days 0.94 0.90 0.92 0.95
15 days 1.10 1.10 1.15 1.20
pH

1 day 4.5 4.4 4.4 44
5 days 4.5 4.4 44 44
10 days 43 42 4.2 42
15 days 4.1 4.0 4.0 4.0

Table (4): Buffering capacity of low fat yoghurt containing different level of SP1 in acidic and alkaline conditions
during cold storage.

Treatments Ty T, T, Ts

Storage Periods

In acidic condition (m! 1N HCl}

1 day 2.0 1.95 2.08 2.00
5 days 2.1 2.00 211 2.10
10 days 2.14 2.10 2.18 2.15
15 days 2.20 2.16 2.18 2,13
In alkaline condition (ml IN NaQH)
1 day 1.8¢ 1.77 1.78 1.80
5 days 1.81 1.75 1.81 1.80
10 days 1.87 1.80 1.83 1.84
15 days 1.87 1.84 1.84 1.85

Table (5): Synersis of low fat yoghurt containing different level of SPI during cold storage using drain and centrifuge
methods.

Treatments Ty T, T, T,

Storage Periods

Drain method (ml/100 g yoghurt)

1 day 33 34 28 23
5 days 34 29 28 24
10 days 34 28 27 24
15 days 35 . 20 18 14
Centrifuge method (ml/100 g yoghurt)
1 day 36 38 38 32
5 days 34 36 40 33
10 days 36 38 i3 33
15 days 40 30 30 30
Further decreases in syneresis were obtained dramatically in the preduct after 24 hours storage at
during the cold storage period. The curd syneresis of all 5°C.

treatments was opposite to those reported for viscosity. . .
These resuits are in accordance with those of Khader et Rheological paramelers ofyoghur.t sarp?les. . .
al. (1983) they recommended that defatted soy milk . Rheological parameters (viscosity, consistcicy
co'ul d be used to replace buffalo's milk for the index, flow behavior index) of yoghurt samples during

manufacture of zabady, whey syneresis decreased
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Table (6): Rheological characteristics of low fat yoghurt containing different level of SPI during cold storage.

Treatments T, T, T, T,
Storage Periods
Plastic viscosity (m Pa.S)
1 day 2061 2888 2898 3669
5 days . 2488 3384 3404 3740
10 days 2893 3430 3607 4987
15 days 3282 4169 5049 5611
Consistency index (m Pa .87}
1 day 1074 2225 3244 3299
5 days 1370 2466 3414 4015
10 days 1455 2862 4251 4552
15 days 1778 2868 4692 3563
Flow index (n)

| day 0.45 0.3} 0.22 0.03
5 days 0.42 0.31 0.19 0.06
10 days 0.38 0.29 0.18 0.01
15 days 0.31 0.28 . 016 0.00

storage at 5°C are presented in (Table 6) .Differences
can be noticed between control and those from SPI
treatments.

The viscosity data illustrated that the control had
lower viscosity than yoghurt made with SPL. Also,
viscosity of yoghurt increased with increasing SPI
added. These results suggest that SPI enhance the water
binding capacity of the yoghurt coagulum, thereby
inMuencing its viscosity. The same Table shows that
consistency index had the same trend of viscosity.

Adding SPI to voghurt milk sharply reduced the flow
index, the decrease was proportional to the increase in
SPI. The determined flow behaviour index in ali
yoghurt treatments was low, suggesting pseudo plastic
fluids (Abou-El-Nour et af., 2004)

Sensory properties:

Adding SPI to yoghurt milk up to 4.7% had skight
effect on the body and texiure of the resultant yoghurt
However, a clear deficiency in flavour was recorded for
the treatment containing more than3.13% SPI (Table 6).

Table (7): Organoleptic characteristics of low fat yoghurt containing different level of SPL.

Treatments Ty T T, T;

Storage Periods
Flavour (10 points)
1 day 9 8 7 6
Sdays 8 7 7 5
10 days 8 7 6 5
15 days 6 6 6 5
Body and texture (10 points)
[ day 8 8 ) 9
5 days 3 8 9 9
10 days 8 9 9 9
15 days 8 9 9 g
Colour and appearance (3 peints)
I day 3 5 5
5 days 4 5 5 5
10 days 4 4 4 4
15 days 4 4 4 4
Total scare (25 points)

1 day 22 2 21 20
5 days 21 21 21 19
10 days 21 20 19 18
15 days 19 19 19 18
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Abou-Donia er al. (1980) evaluated the quality of
zabady made from cow's or buffalo’s milk with soy
extract (basically protein), they concluded that the
organoleptic assessment of these soya yoghurts were in
terms of body and texture, appearance, and acidity
similar to the contro! but, the major difference was in
flavour.

Generally it could be concluded that adding of SPI
particularly at a concentration of 1.57% enhanced the
yogurt quality. Increasing the SPI up to 3.13% was
acceptable, regarding both taste and texture.

2-Ice cream:

Physico-chemical properties of low fat ice cream
mixes containing different levels of SP1.

As show (Table 8), no change in both acidity and
pH was noticed by adding SPI to the mixes. Also, no
effect was reported for the specific gravity of ice cream
mixes, due to addition of SPI .Weight per gallon of

different mixes was closely related to the specific
gravity.

The freezing point of the mix was increased as the
mount of SPI increased, this mainly due to the
composition of SPI, which free from sugar and
minerals,

Rheological properties of low fat ice cream mixes
containing different levels of SPI.

The viscosity and consistency index of ice cream
mixes (Table 9) increased sharply with increasing the
level of SPI added. This could be attributed to the
considerable increase in water binding capacity of ice
cream mixes containing SPI. The flow index has an
opposite trend i.e increasing SPI decrease the flow
index of the mixes.

Physico- chemical properties of ice eream:
As show in (Table 10} addition of SPI, showed
noticeable increase in the overrun of ice cream

Table (8): some physico-chemical properties of low fat ice cream mixes containing different levels of SPI.

Treatment To T T, LE
property
Specific gravity 1.175 1.175 1.177 1.175
Weight / gallon (kg) 5.340 5.340 5.340 5.340
Acidity% 0.26 0.26 0.27 0.28
pH value . 6.46 6.46 6.45 6.45
Freezing point °C -3.0 -2.90 -2.80 -2.80

Table (9): some rheological parameters of low fat ice cream mixes contain{ng different levels of SPI.

Treatment To T, T, Ts

Ageing time

. Plastic viscosity (m Pa. S )

Zero time 16.7 256 385 66.2
3h 112.0 2226 239.9 291.7
6h 201.9 261.0 2642 321.3
24 h 2252 335.5 413.0 815.2

Consistency index (m Pa. S ")
Zero time 1.95 4.61 7.01 41.5
3h 112.3 144,1 155 168.2
6h 308.6 3448 379.8 441.8
24h 3125 3714 397.7 468.3
Flow index (n)

Zero time 0.98 091 0.87 0.61
3h 058 0.52 0.50 046
6h 0.55 0.50 0.51 0.48
24h 0.51 0.51 0.50 0.48
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Table (10) some physico-chemical propetties of low fat ice cream containing different levels of SPI.

Treatment T, T, T, T,
property
Overrun (%) 60 70 74 72
Specific gravity 0.734 0.691 0.675 0.683
Weight / gallon (kg) 3.34 3.14 3.07 3.0
Melt- down
% after 30 min 20 10 8 g
% after 60 min 55 30 25 o)
% after 90 min 100 100 95 95

The increase in overrun of ice cream as a result of
adding SPI, could be atfributed to the increase in the a
mount of incorporated air.The specific gravity and
weight per gallon decreased as the overrun increased.
Mahran ef al,, (1984}, reported that the specific gravity
of ice cream is inversely proportional to changes
occurting in the overrun. Melting resistance of ice
cream proportionally increased with increasing the level
of SPI added (Table 10). This could be attributed to the
increase of ice cream viscosity as a result of adding SPI.

Sensory properties

Addition of SPI, to the ice cream mixes, at
concentration of 2.4 and 4.75% enhanced the ice cream
quality (Table!1), more increase of SPI gave a heavy
body ice cream with a tendency towards being mealy.

The foregoing results indicate that SPI could be
successfully used at level up to 4.75% for the
production acceptable quality ice cream.

Table (11}: Organoleptic properties of Jow fat ice cream containing different levels of soy protein isolate.

Treatment

To T, T; T,
Property
Flavour 50 46 48 43 33
Body & texture 40 35 36 38 38
Apperance 10 9 9 9 9
Total 100 90 93 90 80
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