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Abstract: Low fat (2%4) ice cream was prepared from mixes in which milk ingredients were subjected to enzymatic
moadification with Transglutaminase (TGase). The milk ingredients of the mix were treated with 0.0, 0.4, 0.6 and 0.8 g
TGase/kg of mix for 2 h at #0°C. Sugar and gelatin were added and TGase was inactivated by holding the mix at 80°C
Jor I min. Treated mixes were aged overnight at 4°C and ice cream (60-74% overrun) was made using the
conventional techniques. The mix viscosity was found to increase afler TGase treatment. Organoleptic scoring revealed
that, ice cream made from the TGase treated mix as were ranked higher score for body and texture. TGase treated ice
cream showed a slower rate of melting than the control. These characteristies were pronounced for all TGase

treatments than the control.
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INTRODUCTION

The structure of ice cream is complicated and
highly dependent on the amount, functionality, and
interaction between its components, Researchers have
developed several ingredients for ice cream that mimic
the function of fat. However some of these ingredients
contribute undesirable flavours or mask desirable
flavour. Instead of using additives to mimic the
functions of fat some research modified casein by
controlled treatment with Chymosin (Chang et al.,
1995). Protease enzymes with activities resulting in
protein medification had been made in frozen desserts
as alternatives stabilizer (Dalgleish, 1979, Arbuckle,
1986). Curdy appearance of the melted product ofien
occurred, high overrun and melting rate was decreased.

New enzymes including TGase which cross-links
proteins process the potential for increasing water
immobilization properties by forming a gel from milk
protein. Enzymatic modification by cross-linking is a
method that has received increasing attention during the
last 10 years. TGase is a group of enzymes that
catalyzes the formation of covalent cross-links between
peptide-bound glutamine and various primary amines
(Nio et al, 1985). Particles smaller than 0.1 p, such as
cagein micelles are perceived on tongue as slippery
(Singer and Dunn, 1990); particles that rang in size from
0.1 to 3.0 p are perceived as creamy (Kalab, 1990,
Singer and Dunn, 1990). Among milk proteins. caseins
are excellent substrate for TGase, probably due to their
low degree of tertiary structure, leaving the reactive
groups exposed to the enzymes (Nio ef al. 1985, 1986;
Traore and Meunicr, 1991). Cross-linking reactions
result in apgregates of protein  polymers, this
modification of milk protein results generally in
products with higher strength and lower syneresis.

Because casein micelles that are cross-linked by
TGase, have larger particles size than the original casein
micelles in milk, these particles may roil on the tongue,
producing a creamy feeling. Changes in volume and
shape of casein particles were reported to be responsible

for changes in the viscosity of milk (Guthy and Novak,
1977, Prentice, 1972),

Consequently TGase can be used to change the
cross-linking of the target proteins which in turn can
modify  their  hydration, gelation, rheological,
emulsifying, rennetability and heat stability (Dickison,
1997, Lorenzen and Schlimme, 1998; Lorenzen,
2000a,b). There are several studies on the effect of
TGase on casein (Ikura, et 4., 1980; Sakamoto et al.,
1994). Due to its high reactivity with casein, its
application in dairy products has been widely
investigated (Dickinson and Yamamoto, 1996;
Lorenzen and Schlimme, 1998; Faergemand ef al.,
1999, Lorenzen 2000a, b and .Abou El Nour et al.,
2004).

The research reporied here was designed to modify
milk protein by controlled treatment with TGase for
achieving desirable texture for jce cream particularly
that of low fat ice cream,

MATERIALS AND METHODS

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). TGase was gift
from Sjimomoto Europe sales (Stubbenhuk 3, Hamburg,
Germany), the declared activity of the preparation was
approximately 100 units/g and shelf life of 18 months at
room temperature.

Preparation of different mixes:

The ice cream mixes were prepared according to
Arbuckle (1986). The inixes consisted of 2% fat, 15%
SNF, 15% sugar, 0.5% gelatin and 0.03 % vanilla. The
mixes were prepared using the formulition in (Table 1)
and processed as shown in Figure (1).
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Table 1: Composition of low fat ice cream mixes containing different level of TGase (g/100g mix)

Treatments To T, T, T,
Ingredients
Sugars 15 15 15 15
Gelatin solution 5 5 5 3
Standardized milk 68 68 68 68
Skim milk powder 9.5 9.5 9.3 9.5
TGase 0.00 0.04 0.06 0.08
water 2.5 2.5 2.5 25

To. low fat ice cream mix containing 0.00% TGase
Ty: low fat ice cream mix containing 0.04% TGase
Tz low fat ice cream mix containing 0.06% TGase
Ts: low fat ice cream mix containing 0.08% TGase

Figure (1): Processing steps for making of ice cream — treated with TGase.
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\
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Control (0.00%TGase) and three levels of T(Gase
were used 0.04, 0.06 and 0.08 % of the mix. The levels,
incubation time and inactivation temperature of TGase
were used according to Ajinomoto application data. The
mixes were cooled to 4-3°C and aged at that temperature
overnight and vanilla was added. Mixes were frozen in
the following day in a continuouns freezer to 60-74%
overrun. The product was packed and stored at -18°C
for hardening before evaluation. The whole experiment
was repeated three times.

Methods of analyses:

The total solids, fat, acidity were determined
according to (ACAC, 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, congistency and flow index
of the mix were carried out as described by Petersen ef
al., (2000) using a Brookfield viscometer (Brookfied
Engineering 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 staft of the Dairy Department.,
Suez Canal University using the following scale for
flavour, (50 points), body and texture (40 points) and
appearance (10 points) .
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Table 2: Rheological properties of different low fat ice cream mixes in preliminary experiment.

Treatments Tao T, T, T; T,

Aging period (Hours)
Plastic viscosity (m Pa s}
Zero time 16.7 15.5 16.1 15.8 203
3 112.0 202 166.0 19.9 177.9
6 2019 20.2 206.4 33.2 299.7
2 ' 275.2 50.0 311.2 33.0 803.2
Consistency index (m Pas")
Zero time 1.90 23 3.15 2.6 3.2
3 99.4 238 122.7 239 120.0
6 3086 213 336.4 417 3458
24 312.0 61,3 4222 612 826.8
Flow index (n)

Zero time 098 1.00 0.97 1.00 0.90
3 0.61 0.93 0.65 0.93 0.57
6 0.55 0.89 0.57 0.86 0.50
24 0.51 0.89 (.50 0.86 0.44

Ty : control without TGase, T,: 0.08% TGase add to the whole mix. T;:0.08% TGase add to the whole mix without gelatin, T;:
0.08% TGase add to the whole mix without sugar, T, 0.08% TGase add to the whole mix without sugar and gelatin.

RESULT AND DISCUSSION

Preliminary experiment:

In ice cream mix. there are some ingredients that can
interfere or affect the mode of action of TGase.
Therefore, preliminary experiment was carried out to
cxplore the ample substrate conditions for TGase
treatments in ice cream manufacture. TGase was add at
level of 0.08% to the whole mix, mix without sugar,
mix without gelatin and mix without sugar and gelatin
{milk ingtedients only }, then incubated at 40°C /2h and
the processing procedure was completed. During aging
the rheological properties of the mixes were followed
(Table 2).

From this experiment, enhancing the rheolr~ical
propertics of the mix can be obtained by the action of
TGase on the low fat ice cream mix before adding sugar
and gelatin. These results are in accordance with those
of Ohr (2003) who reported that, one of the biggest
cffect of TGase in frozen desserts, its change of the

mouth feel properties, especially on low calorie or sugar
free products.

Mix properties

As shown in {Table 3) slight decrease was observed
in the titratable acidity of ice cream mixes associated
with the addition of TGase as a cross-linking enzyme,
The trend of changes in pH of ice cream mixes of all
treatments was opposite to that for the titratable acidity,
These result are in accordance with those of Singh,
(1991); Tkura et al., (1980) and Lorenzen and Schlimme
(1998), who reported that TGase is capable of
catalyzing the deamidation of glutamine residues
whereby water is used as nucleophil and ammonta
liberated, Also, O'Sullivan et al., (2001) and Abou El
Nour et al., (2004), reported that the development of pH
in yoghurt made from TGase treated milk was slower
than control treatment. There was no noticeable changes
was found in the specific gravity and weight per gallon
of low fat ice cream mixes treated with TGase.

Table 3: Effect of using different levels of TGase on some properties of low fat ice cream mixes.

Treatments T, T: T,
property
Specific gravity ' 1175 1.175 1.177 1.180
Weight / gallon (kg) 5.340 5.345 5.350 3.363
Acidity% 0.27 0.26 0.26 0.25
pH vaiue 6.42 6.44 6.45 6.45
Freezing point * C -3.0 -3.1 -3.1 -3.1




90 Abbas, 2006
Table 4: Effect of using different levels of TGase on rheological properties of low fat ice cream mixes.

Treatments To T, T, Ts

Aging period (Hours)
Plastic viscosity {(m Pa s)
Zero time 16.7 19.9 20 203
3 112 1554 175.1 177.9
6 ] 201.9 2333 2893 299.7
24 275.2 628.1 784.4 803.2
. Consistency index( m Pas")
Zero time 1.90 2.57 2.6l 328
3 99.4 112 119 120
6 308.6 3121 335 3458
24 312 512.8 796 826.8
Flow index (n}

Zero time 0.98 0.95 0.96 0.90
3 0.61 0.59 0.58 0.57
6 0.535 0.53 0.54 0.50
24 0.51 047 0.44 0.44

Addition of TGase showed no effect on the freezing
point of ice cream mixes of all treatments. Rheological
parameters (viscosity, consistency index and flow
behavior index) of ice cream mix samples during aging
at 5°C for 24h are presented in (Table 4).

Differences can be noticed between control and
treatments. The viscosity and consistency index of ice
cream mixes increased with increasing the level of
TGase added. This could be attributed to the
considerable increase in the water binding capacity of
ice cream mixes containing TGase (Lorenzen and
Schlimme. (1998). The trend of changes in flow
behaviour index of all treatments was opposite to that
found for viscosity. ’

Ice cream propertics

As shown in (Table 5), addition of TGase, at levels
of 0.04% showed noticeable increase in the overrun
than the control treatment. These results are in
accordance with those of Lorenzen and Schlimme
(1998), they reported that TGase reduced time of
whipping and increased overrun of the whipped cream,

Increasing the levels of TGase more than 0,04% showed
slight increase in the overrun. The increase in the
overrun of ice cream as a result of adding TGase could
be attributed to the increase in the amount of
incorporated air.

The specific gravity of resulting ice cream was
inversely proportional to changes occurring in the
overrun (Mahran et al, 1984). So it was clearly
indicated from (Table 5) that as the specific gravity and
weight per gallon decreased, the overrun increased.

Table (5) shows that melting down decreased with
adding TGase which can be attributed to the increase in
ice cream mix viscosity and improve hydration ability
and water bending of protein (Abou El Nour ef al.
2004).

Organoleptic properties:

From (Table 6), it could noticed that adding TGase
to low fat ice cream mixes had no effect on appearance
or flavour of the resultant ice cream. Otherwise, the
TGase treated samples gained a highet score points for
body and texture.

Table 5; Effect of using different levels of TGase on some properties of the resultant low fat ice cream.

Treatments To T, T, T,
property
Overrun (%) 60 72 72 74
Specific gravity 0.732 0.684 0.684 0.674
Weight / gallon (kg) 3.336 3.109 3 3.063
Melt- down
% after 30 min 18 8 8 7
% after 60 min 53 29 31 29
% after 90 min : 100 100 100 95
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Table 6: Organcleptic properties of low fat ice cream containing different levels of TGase

Treatments

To T, T, T;
property
Flavour (40) 36 38 38 38
Body & texture (50) 44 48 48 48
Appearance (10} 9 9 9 9
Total (100} 39 95 95 95

Most of taste panels mentioned that ice cream
containing TGase revealed softer body and smoother
texture and higher melting resistance than the control.
These results are in accordance with those of Ohr,
(2003), who concluded TGase treatments changed the
mouthfeel properties in frozen desserts. Increasing the
level of added TGase more than 0.04% did not affect
the score points of body and texture, From the forgoing,
results indicate that TGase could be used successfully as
cross-linking enzyme at the level of 0.04% for the
production of a good quality low fat ice cream.
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