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MANUFACTURE OF LOW FAT PREBIOTIC ICE MILK
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ABSTRACT: Nine batches of ice milk were made to study the effect of replacing milk fat with
two types of inulin (Frutafit HD® and Frutafit Tex®) on the quality of ice milk. Control vanilla ice
milk mix containing 4% fat, 13% milk solid not fat, 15% sucrose and 0.5% stabilizer was
prepared. The other 8 batcbes were made by replacing 25,50,75 and 100% of milk fat with either
Frutafit HD® or Frutafit Tex®, respectively. Obtained results indicated that feplacement of milk fat
with two types of inulin did not affect the acidity and pHvalues of ice milk mixes, while, increases
the specific gravity, weight per gallon and viscosity of all mixes and specific gravity, weight per
gallon, overrun and melting resistance of ice milk. This increase was proportional to the rate of
replacement. Ice milk batches those made by replacing milk fat with Frutafit HD® were not
significantly d;ﬁerent (P> 0.05) from corresponding batches those made by replacing milk fat
with Frutafit Tex®, Increasing the rate of replacing milk fat with Frutafit HD® up to 50% increased
the overrun and improved the acceptabiiity of the resuitant ice milk, while increasing the rate of
the replacement to 75 and 100% decreased the overrun and the scores of organoleptic
properties of ice milk. Ice milk balches made with Frutafit HD® gamed higher scores of
organoleptic than the corresponding batches those made by Frutafit Tex®. Organoleptic scores
of ice milk batches those made with Frutafit Tex® decreased as the storage period advanced.
Replacement of milk fat with both types of inulin did not affect(P> 0.05) the ash, total protein
and total solids content of ice milk, while it is caused an obvious increase in carbohydrate
contents and decrease of calorific values and fat contents of the resultant ice milk.

The obtained results indicated that, total solids, total protein, ash and carbohydrate contents,
titratable acidity, pH value and calorific values did not change in ice milk samples durning the
storage period, in the freezer for 10 weeks.
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INTRODUCTION low fat ice milk by replacing milk fat with

lnulin is a linear non-digestible inulin, which is a prebiotc. We may
polysaccharide of B-(2-1) linked fructose lnve§ugate t}'te effgct of using muhq on the
residues with a terminal glucose residue unit quality of ice mik and to monitor the
(Tarrega and Costell, 2006). It has been chemical, physical and sensory changes
used as fat or sugar replacer, a low caloric during the storage of ice milk.

bulking agents and as a textureising and
water binding agent (Tungland and Meyer, MATERIALS AND METHODS

2002 and Kip et al., 2006). Inulin has been Ingredients:

shown to induce crucial physiological and Fresh bulk buffalo's milk {obtained from
nutritional ~ effects such  as the herd of Faculty of Agriculture, Menoufia
hypotriglyceridemia, hypoinsulinemia, University, Shibin El-Kom, Egypt. Cream
improved mineral absorption and stimulation was obtained by separating fresh buffalo's
of immune function and reducing the colon milk in the pilot plant of Department of Dairy
cancer (Bosscher ef al, 2006; Huebner of Science and Technology, Faculty of
al., 2007 and Villegas and Costell, 2007). Agriculture, Menoufia University, Shibin El-

Kom, Egypt. Two types of inulin, Frutafit HD®
(as fat and sugar replacer) (Average Chain
Length 8-13 monomers) and Frutafit Tex®

In view of the aforementioned the
objectives of this study were to evaluate the
possibility of making a good quality prebiotic
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(as fat replacer) (Average Chain Length = 22
monomers) were gratefully provided by
Sensus, Borchwerf, the Netherlands.
Sucrose and Vanilla were obtained from
local market, Stabilizer (Mercol IC) was
obtained from Meer Corporation, North
Bergen, NJ, USA.

Manufacture of ice milk:

It was concerned to investigate the effect
of replacing milk fat with inulin which is a
carbohydrate-based fat replacer and
a prebiotic on the quality of ice milk.
Therefore, nine ice milk treatments were
made. Vanilla ice milk mixes were prepared
according to the method of Khader et al.
(1992) with the following composition: 4%
Fat, 13% milk solid not fat, 15% sucrose,
0.5% stabilizer. Control ice milk was made
containing 4% milk fat, the other eight ice
milk treatments were made by replacing 25,
50, 75 and 100% of the amount of milk fat
with either Frutafit HD® or Frutafit Tex®
Jrespectively. All treatments were heat
treated at 69°C for 30 min, cooled and then
aged over night at 4°C. Vanilla was added
prior to freezing and ice milk mixes were
frozen in a batch-type freezer (Cattabriga,
Bolongia, lItaly). The frozen ice milk was
packaged in plastic cups, hardened for 24 hr
and stored at -20 + 2°C for 10 wk. Each ice
milk treatment was analyzed when fresh
(0 time) and every two weeks for chemical
and sensory evaluation. The whole
experiment was performed in triplicate.

Physical and chemical analysis:

Overrun of the ice milk was determined
according to the method of Arbuckle (1986).
The specific gravity of ice milk mixes and
ice milk samples was determined according
to Winton (1958). Weight per gallon of ice
milk mixes in kilogram (Kg) was directly
calculated according to Arbuckle (1986). The
melting resistance of ice mik was
determined according to Reid and Painter
(1933). The viscosity of ice milk mixes were
measured using coaxial cylinder viscometer
(Bohin V88, Sweden).

Chemical analysis:
Fat content, titratable acidity and pH
values were determined according to Ling

(1963). The pH value was measured using
pH- meter (Jenway LTD, Felsted Dunmow,
Essex, UK). Total solids, ash and total
protein were determined according to the
Official Method (ALOAC,, 2007).
Carbohydrate was calculated by difference.

Total energy of ice milk was calculated
based on conversion factors as follows;
protein 4, carbohydrate 4 and fat 9 and
expressed as kcal / 100 g ice milk.

Sensory evaluation:

Ten panelists from the Staff members
and graduated students at the Department of
Dairy Science and Technology, Department
of Food Science and Technology, Faculty of
Agriculture, Menoufia University evaluated
the organoleptic properties of each batch of
vanilla ice milk at zero time and at the 4™, 8"
and 10™ week of storage period according to
score sheets described by Kebary and
Hussein (1997).

Statistical analysis:

Data were analyzed using the completely
randomized block design and 2 x 3 factorial
design. Newman-Keuls Test was used to
made the multiple comparisons (Steel and
Torrie, 1980) wusing Costat program.
Significant differences were determined at p <
0.05.

RESULTS AND DISCUSSION

Some ice mix properties:

Titratable acidity of ice milk mixes were
not significantly (P> 0.05) different from
each other, which means that replacement
of milk fat with both types of inulin did not
have significant (p > 0.05) effect on the
titratable acidity of ice milk mixes (Table 1).

Changes in pH. values of low fat ice milk
mixes were shown in (Table 1). There were
no significant (p > 0.05) differences among
the ice milk mixes, which means
replacement of milk fat with both types of
inulin did not affect significantly (p > 0.05)
the pH values of ice milk mixes.

Replacement of milk fat with inulin caused a
marked (p < 0.05) increase in viscosity (Table
1). This increase was proportional to the rate
of the replacement of milk fat with both types
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of inulin. The increase of viscosity by adding
inulin could be attributed to the capacity of
inulin to retain water (Soukoulis et al., 2009),
the interaction of inulin with milk protein that
can lead to an increase in the molar mass
(Scaller-Povolny and Smith, 2001) and the
formation of small aggregates of
microcrystals that are able to retain water
(Gonzalez-Tomas et al, 2008). These
results are in accordance with those
reported by Arcia et al. (2010), Debon et al.
(2010) and Cruz et al. (2013). Ice milk mixes
those made by replacing milk fat with inulin
(Frutafit Tex®) exhibited higher viscosity than
corresponding ice mitk mixes made with
inulin (Frutafit HD®). These results might be
due to the longer chain of (Frutafit Tex®
than those of (Frutafit HD®), which
subsequently increasing the viscosity of the
resulting ice milk mixes. (Wada et al., 2005).

Replacement of milk fat with inulin caused a
marked (p s 0.05) increase in specific gravity
and weight per gallon (Table 1). This
increase was proportional to the rate of the
replacement of milk fat with both types of
inulin. These results could be attributed to
the higher specific gravity of both inulin types
than that of fat, which consequently increase
the specific gravity of ice milk mixes. The
specific gravity and weight per gallon of ice
milk mixes made with inulin (Frutafit HD®)
were not significantly (p > 0.05) different
from those of corresponding ice milk mixes
made with inulin (Frutafit Tex®). These
results might be due to that both inulin types
havé similar specific gravity. These results
agreement with those reported by Tarrega
and Costell (2006), Naskar et al. (2010) and
Cruz et al. (2013).

Table (1): Effect of replacing milk fat with inulin on some properties of ice milk mixes.

. . Viscosity
Treatments® Acidity pH value Sg’::s:gc \é\;ﬁf:t(zg; i pas)
c* 0.230" 6.63% 1.1132% 4.214F 137.3
T4 0.233% 6.61* 1.1138°° 4217%° 168.8"
T, 0.232* 6.59* 1.1143% 4.229%° 247.8"
Ts 0.235" 6.61* 1.1148"° 42218 465.8°
T, 0.238" 6.58" 1.1153* 4,222 538.3%
Ts 0.228" 6.60" 1.1138%° 4.217° 182.7°
Te 0.230" 6.62* 1.1146%® 4.220%° 257.8°
T, 0.232* 6.59" 1.1149% 42218  486.4° ll
Te 0.235" 6.58" 1.1153 4.222% 585.9%

g Each value in the Table was the mean of three replicates.
e For each effect the different letters in the same column means the multiple comparisons are different
from each other, letter A is the highest mean followed by B, C....etc.

* Significant at 0.05 level (p < 0.05).
* C = Control ice milk made with 4% milk fat.

T4, T2, Ta and T4 = Ice milk prepared by replacing 25, 50, 75 and 100% of milk fat with inulin (frutafit HDO),

respectively.

Ts, Te, T7 and Ta = Ice milk prepared by replacing 25, 50, 75 and 100% of milk fat with inulin (frutafit Tex®),

respectively.
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Some ice milk properties:

Overrun of all ice milk made by both
types of inulin was higher than that of control
ice milk (Table 2). It has been reported that
adding inulin during the manufacture of ice
milk improved the whipability (Arbuckle,
1986 and Rajasckaran and Rajor, 1989).
Overrun of ice milk made by replacing milk
fat with both types of inulin increased
significantly (p < 0.05) by increasing the rate
of replacement up to 50%, while increasing
the rate of replacement to 75 and 100%
caused a significant reduction of overrun
(Table 2). These results could be attributed
to the increase of viscosity, which
consequently suppress the ability of ice milk
to retain the air in ice milk. These results are
in agreement with those reported by Chang
and Hartel (2002) and Sofjan and Hartel
(2004). Overrun of ice milk treatments those
made with inulin (Frutafit HD®) were not
significantly (p > 0.05) different from those of
corresponding treatments made with inulin
(Frutafit Tex®) (Table 2). These results are in
agreement with those reported by Naskar et
al. (2010) and Meyer et al. (2011).

Specific gravity and Weight per gallon of
ice milk made by replacing milk fat with inulin
are presented in Table (2). Both specific
gravity and weight per gallon followed similar
trends. Replacement of milk fat with both
types of inulin caused a pronounced
increase of specific gravity and weight per
gallon of the resultant ice milk (Table 2).
This increase was proportional to the
increase of the rate of replacement. Control
ice milk exhibited the lowest of specific
gravity and weight per gallon, while
treatments T, and T those made by
replacing 100% of milk fat with both types of
inulin exhibited the highest specific gravity
and weight per gallon. These results could
be attributed to the higher specific gravity of
inulin than milk fat which subsequently
increase the specific gravity of the resultant
ice milk. Ice milk treatments those made b
replacing milk fat with inulin (Frutafit HD
were not significantly (p > 0.05) different
from those made with inulin (Frutafit Tex®)
which means that the type of inulin did not
have a significant effect on specific gravity
and weight per gallon of the resultant ice
milk. These results are in agreement with
those reported by Tarrega and Costell (2006),
Naskar et al. (2010) and Cruz ef al. (2013).

Table (2): Effect of replacing milk fat with inulin on some properties of ice milk.

. . Meiting Resistance
Treatments® | Overrun S;'?Zﬁ'f'f \leeif: t(lfg)r First Next Last

60 min 30 min 30 min
c* 62.13% 0.6431% 2.430° 37.8¢ 46.8% 15.4°
T, 64.65° | 0.6502%° 2.457%° 36.5° 45.3° 18.2°
T, 70.09* | 0.6571°® 2.484°° 35.5° 44.5° 2o.o°<1
Ts 68.13° | 0.6723"° 2.541"8 33.9° 42.1® 24.0° }
Ta 66.08° 0.6802* 2.571 32.8* 406" 26.6
Ts 65.18° | 0.6513°° 2.462°° 37.3° 45.6° 17.1°
Te 69.81* | 0.6558° 2.479%8 34.9° 43.8° 21.3°
T, 67.25° 0.6698° 2.532°8 33.6° 4258 23.9°
Te 66.36° 0.6782* 2.564* 32.8* 40.8" 26.4*

", * See Table (1).
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Melting Resistance of the resultant ice milk
is expressed in Table (2) as the loss in weight
percent of the initial weight. Replacement of
milk fat with two types of inulin caused an
obvious (p < 0.05) decrease in the rate of
melting ice milk at 60 min and the next 30 min
which means that increasing the melting
resistance of the resulting ice milk. The
increase of melting resistance was
proportional to the rate of replacing milk fat
with both types of inulin (Table 2). This
increase in melting resistance might be due to
the increase of viscosity and the higher water
holding capacity of inulin which bind higher
amount of water and left lower amount of free
water that can be melted faster than the
bound water, which consequently increases
the melting resistance of the resulting ice milk
(Villegas and Costell, 2007 and Torres et al.,
2010). Melting resistance of ice mik
treatments made with replacing milk fat with
inulin (Frutafit HD®) were not significantly
different from those made by replacing milk
fat with inulin (Frutafit Tex ). The melting
resistance of all ice milk treatments after the
last 30 min had contradictory trend of these of
the first 60 min. These results are in
agreement with those reported by Kebary and
Hussein (1997) and Mousa et al. (2008).

All ice mik treatments were not
significantly (p > 0.05) different from each
other in titratable acidity and pH value which
means that replacement of milk fat with both
types of inulin did not have significant (p >
0.05) effect on the titratable acidity of ice
milk treatments (Tables 3, 7). Titratable
acidity and pH value of all ice mik
treatments did not change significantly (p >
0.05) during the storage period. Similar
results were reported by Badawi ef al. (2010).

Total solids, total protein and ash
contents of ice milk treatments made with
the addition of inulin were not significantly
different (p > 0.05) from that of control ice
milk which means that replacement of milk
fat with both types of inulin did not affect
significantly (p > 0.05) the total solids content
of the resultant ice milk. Total solids, total
protein and ash contents of all ice milk
treatments did not change significantly (p >
0.05) during storage period (Tables 4, 7).
These results are in accordance with those
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reported by Badawi et al. (2008) and Kebary
et al. (2009).

Fat content of all ice milk treatments did
not change significantly(P> 0.05) as the
storage period progressed (Tables 5, 7).
These results are in accordance with those
of Kebary and Hussein (1999) and Badawi ef
al. (2008). As expected fat content of ice
milk decreased significantly (p < 0.05) by
replacing milk fat with both types of inulin
(Tables 5, 7). There was negative correlation
between the fat content and the rate of
replacement, which means that fat content
of the resulting ice milk decreased as the
rate”of replacing milk fat with both types of
inulin was increased. Confrol ice milk
contained the highest fat content while
treatment T, and T, those made by replacing
100% of milk fat with the two types of inulin
contained the lowest one of fat content
Similar results were reported by Hussein et
al. (2004) and Badawi et al. (2008) and
Hussein (2008).Ice milk treatments those
made by replacing milk fat with inulin
(Frutafit HD®) were not significantly (p >
0.05) different from those made with inulin
(Frutafit Tex®) (Tables 5,7).

Carbohydrate content of all ice milk
treatments did not change significantly (p >
0.05) throughout the storage period. These
results are in agreement with those reported
by Salama and Hassan (1994) and Kebary
and Hussein (1999). Carbohydrate content
of all ice milk treatments increased by
substituting milk fat with both types of inulin.
There was positive correlation between
carbohydrate content of ice milk treatments
and the rate of replacing milk fat with both
types of inulin, which means carbohydrate
content of ice milk treatments increased as
the rate of replacement of milk fat with inulin
was increased. Treatments T, and T those
made by replacing 100% of milk fat with
inulin contained the highest carbohydrate
content, while control ice milk contained the
lowest carbohydrate content. These results
are in agreement with those reported by
Kebary and Hussein (1999). Ice milk
treatments those made by reflacing milk fat
with inulin  (Frutafit HD™) were not
significantly (p > 0.05) different from
corresponding treatments those made with
inulin (Frutafit Tex®) (Tables 5, 7).
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Total calories of all ice milk treatments
did not change significantly (p > 0.05) as the
storage period progressed. Replacement of
milk fat with inulin caused a significant (p <
0.05) reduction of calorific value of the ice
milk treatments. This reduction was
proportional to the rate of the replacement
(Tables 5, 7). On the other hand, ice milk
treatments those made from the same milk
were not significantly different from each
other (p > 0.05) which might be probably due
to the amount added from inulin are the
same. These results are in agreement with
those of Kebary and Hussein (1999).

Scores of flavour, body & texture and the
total scores of organoleptic properties of alil
ice milk treatments followed similar trends.
Fresh ice mik treatments were not
significantly(P> 0.05) different from each
other and the control treatment. Ice milk
treatments made by replacing milk fat with
inulin  (Frutafit Tex®) exhibited more
creaminess property than other treatments,
which might be due to the long chain of this

type of inulin (Guggisberg et al, 2009).

Although many ice milk treatments were
accepted by the panelists, the most
acceptable treatments were T,, T, those
made by replacing 25 and 50% of milk fat
with inulin (Frutafit HD®). Treatments T, T,
gained the highest scores followed by control
treatment that was not significantly different
from T,. Ice milk treatments those made l%y
replacing milk fat with inulin (Frutafit HD™)
gained higher scores than corresponding
treatments those made by replacing milk fat
with inulin (Frutafit Tex®) (Tables 6, 7).
These resuits could be attributed to the low
scores gained by ice milk treatments those
made by replacing milk fat with inulin
(Frutafit Texg) as the storage period
progressed especially after the fourth week
up to the end of storage period. These
results might be due to the progressive
aggregation of inulin crystals especially the
long chain inulin, which consequently
influence the sensory quality of the resultant
ice milk (Tungland and Meyer, 2002 and
Torres et al, 2010). Total scores of
organoleptic properties of all ice milk
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treatments did not change significantly(P>
0.05) during the first four weeks then
decreased as the storage period progressed
up to the end of the storage period (Tables
6,7). These results might be due to the low
scores gained by ice milk treatments made
with inulin (Frutafit Tex®) especially after the
four weeks of the storage period. These
results are in agreement with those reported
by Zedan et al. (2001) and Kebary et al.
(2004).

It could be concluded that replacement of
milk fat with inulin caused an obvious
increase in melting resistance and reduction
in calorific value and this effect was
proportional to the rate of the replacement.
Increasing the rate of the replacement of
milk fat with inulin (Frutafit HD®) till 50%
increased overrun and improved the
acceptability of the resultant ice milk, while
increasing the replacement rates to 75 and
100% decreased the overrun and scores of
organoleptic properties of the resultant ice
milk. Therefore it could be recommended
that it is possible to replace till 50% of milk
fat with inulin (Frutaft HD®) without
determintal effects on ice milk quality
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