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ABSTRACT

The purpose of this study was to determine the effect of using three making techniques on the
survival rate of Lactobacillus casei 01 in ice milk containing three different levels of sugar (13, 15 and 17%).
| To meet this objective, the first technique was done by inoculating of ice milk mix with L.c Olculture
directly and without fermentation. A culture of Lactobacillus casei (L.c 01) grown in boiled skim milk at
37°C. once, and at 30°C. again, and until pH of 4.5 and 5.5 reached, respectively. The fermented milk was
added to the ice milk mix (50% wi/w.). Microbial counts, pH, viscosity of the ice milk mixes and the
functional and sensorial properties of the final products were evaluated. When L.c 01 was added to ice milk
mixes using the second (Fs7) and third (Fso) techniques, the pH value decreased and the viscosity increased
in the mixes. No effect on the overrun or melting rate of the final product was observed. The fermentation
techniques (Fs7 and Fso) could significantly increase the viability of L.c 01 in ice milk by extending the
| storage period. Fso—ice milks had the highest sensory attributes.
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INTRODUCTION

The market for probiotic food products has grown
rapidly in recent years due to nutritional value and health-
promoting properties of these products. The main aim of
probiotic food products is to introduce beneficial
microorganisms “probiotics” into the human through his
daily dietary intake. The therapeutic value of this
microorganism normally depends on their quantity and
viability in the food, addition to their ability to tolerance
the acidic conditions in the stomach and bile in the small
intestine. (McBrearty et al. 2001,Casarotti and Penna 2015;
Dello Staffolo et al. 2004, Doleyres et al., 2004 and
Sultana et al. 2000). Probiotic bacteria were also widely
used in preparing cheese (McBrearty et al. 2001),
fermented milk (Sanchez et al. 2009), and ice cream (Cruz
et al. 2009; Di Criscio et al. 2010; Mohammadi et al. 2011,
Arslan et al. 2016).

Because of its neutral pH and high total solids level
which provides protection for the probiotic bacteria, ice
cream is ideal vehicle to transfer probiotics into the human
intestinal tract but the harsh conditions of ice cream
formulation and manufacturing may reversely alter the
probiotic survival (Nousia et al. 2011; Mohammadi et al.
2011, A kin 2005; Févaro- Trindade et al. 2006). Using
probiotic culture in making ice cream mix before freezing
process and without fermentation was examined by
Alamprese et al. 2002; Magarifjos et al. 2007; Homayouni
et al. 2008; Abghari et al. 2011; Gheisari et al. 2016).
Addition of fermented milk to ice cream mix was also
tested by Christiansen et al. 1996; Hagen and Narvhus
1999; Salem et al. 2005; Mohammadi et al. 2011; Nousia
et al. 2011; Arslan et al. 2016). for maintaining a minimum
of probiotic bacterial cells which should be alive at the
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time of consumption per gram of product (10°cfu/g) as
suggested by international dairy federation (Hekmat and
McMahon, 1997).

Therefore, in this study, some of these techniques
were used to produce ice milk with high number of
Lactobacillus casei (Lc-01) cells can resist processing
conditions. Thus, the survival of Lc-01 during mix ice milk
aging and freezing and during ice milk storage for 60 days
at - 18°C was evaluated. Moreover, the influence of added
Lc-01 on physical and sensorial characteristics of resulting
ice milk was studied.

MATERIALS AND METHODS

Fresh raw buffalo's milk (15.7% TS & 6.7% Fat)
was obtained from the herd of the Faculty of Agriculture
Cairo University, Egypt. Skim milk (9.74% TS & 0.1%
Fat) and cream (45.79% TS & 40% Fat) were obtained by
separating raw buffalo's milk using cream separator (Alfa-
Laval 102 separator, Alfa-Laval, Stockholm, Sweden).
Low heat skimmed milk powder (96.2% TS & 0.8% Fat)
made in USA, cane sugar (sucrose), raw vanillin and
gelatin panels were purchased from the local market.

Freeze-dried commercial culture (DVS) of
probiotic Lactobacillus casei (Lc-01) (Christian Hansen,
Hoersholm, Denmark), was employed (2.5%) to maintain a
minimum of 107 cfu/g milk. in making ice milk
Making of ice milk

According to the Egyptian standards of ice milk
(2005), twelve ice milk mixes (4 kg each) were
standardized to contain 4% fat, 11% MSNF, 13, 15 or 17%
sugar and 0.7% gelatin (Table 1). All mixes were heated at
80°C for 5 min and then cooled to 4°C. These mixes were
divided into four groups.
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Table 1. formulations of different ice milk mixes

Ingredients Mixest

(kg) Mis Mis Mz
Fresh skim milk 2.919 2.830 2.742
Fresh cream 0.390 0.390 0.390
Skim milk powder 0.143 0.152 0.160
Sugar 0.520 0.600 0.680
Gelatin 0.028 0.028 0.028
Total weight (kg) 4.000 4.000 4.000

1 M ice milk mix with13%sugar,Ms: ice milk mix with 15%sugar
and My7:ice milk mix with 17% sugar

Each group consists of three mixes containing 13,
15 and 17% sugar respectively. The first group mixes
(NF13, 15, 17) were directly inoculated with Lactobacillus
casei (Lc-01) prior to aging and without fermentation. Half
the amount of skim milk used in the preparation of the

second and third groups was fermented with Lactobacillus
casei (Lc-01) at 37 °C for the second group (Fsz3, 3715, 3717)
and at 30°C for the third group (Fsons, aus, 3017) until a pH
of 4.5 and 5.5 was reached, respectively. The coagulated
milk was then cooled to 4°C, and added to the remaining
ice milk mixes prior to aging. Mixes of the fourth group
(COu3, 15, 17) were prepared without addition of
Lactobacillus casei (Lc-01) and applied as a control. After
ageing for 18 h at 4°C, all mixes were flavored with 0.03%
vanillin, frozen and whipped in a vertical batch freezer
(STARMATIC V 500, Italy) at -2.5°C for 15 min.
Afterwards, the ice milks were collected, packaged in 50
ml high density polyethylene cups and stored at — 18°C for
60 days (Fig. 1). All experiments were conducted in
triplicate.

Skim milk + cream + skim milk powder + gelatin — sugar (13, 15 or 17%a)
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Fig.1. Three different techniques for the production of probiotic ice milks. * technique 1: ice milk mixes were
directly inoculated with Lc-01 prior to aging and without fermentation (NF), 2 technique 2: 50% of total
skim milk used in the preparation of ice milk mixes was fermented with Lc-01at 37 °C until a pH of 4.5 was
reached; the coagulated milk was cooled to 4°C, and then added to the remaining ice milk mixes prior to
aging (Fs7). * technique 3: 50% of total skim milk used in the preparation of ice milk mixes was fermented
with Lc-01at 30 °C until a pH of 5.5 was reached; the coagulated milk was cooled to 4°C, and then added to
the remaining ice milk mixes prior to aging (Fs0).  CO: ice milk mixes were prepared without addition of

Lc-01 and applied as a control.

The dry matter content (%TS) and fat content (%)of
raw buffalo's milk, skim milk and cream used in preparing
the examined ice milks were determined using gravimetric
and Gerber methods respectively, according to the AOAC
(1990) Standard Procedures.

pH values of the coagulated milks and Ice milk
mixes were measured using a pH meter (Jenway model,
USA). The specific gravity and weight per gallon (Lb) of
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ice milk mixes and ice milk samples were determined as
described by Winton (1958) and Burke (1947),
respectively. After ageing, all mixes were analyzed for
viscosity using a Brookfield viscometer (Brookfield DV-
111, Brookfield Engineering Laboratories, Inc., USA). The
viscometer was operated at 40 rpm (spindle number 2).
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Each result in triplicate was recorded in cP (centi
poise) after 1 min rotationlce milk overrun was determined
using the following equation (Marshall et al., 2003):
Overrun % = 100 x (weight per gallon of ice milk mix —weight

per gallon of ice milk) x (weight per gallon of ice milk)?*

Melting rate of ice milk samples was measured
according to Guiven and Karaca (2002). 35 g of ice milk
was placed on the screen of stainless steel (mesh size 2
mm) under which a conical flask was placed to collect ice
milk melted at room temperature, 25 + 1°C. The timing of
the melting rate began when the first drop of the melt
touched the bottom of the flask. The weight of the ice milk
melted was recorded every 15 min for 45 min. All
measurements were done in triplicates. The viability of
Lactobacillus casei (Lc-01) in ice milk mixes was
estimated after 0, 4 and 18 h of aging, when fresh at zero
time and after 5, 10 and 15 mins of whipping and freezing
at -2.5°C. Ice milk samples were also tested after 0, 15, 30
and 60 days of freezing storage at -18°C. Ten grams of
sample were diluted in 100 ml of sterile peptone water and
1 ml aliquot dilutions were poured onto plates of Deman,
Rogosa, Sharpe agar medium containing 2 g/l Lithium
chloride and 3 g/l sodium propionate (LP-MRS agar) in
triplicate. Enumeration of Lc-01 was done as described by
Lima et al., (2009). All cultured plates of Lc-01 were
incubated aerobically at 37°C for 72 h. The results were
expressed as colony-forming units per gram of sample
(cfu/g). The ice milk samples were organoleptically
assessed by 12 staff from Dairy Department in Faculty of
Agriculture at Cairo University in Egypt, after land 60
days of freezing storage at -18°C using a sensory rating
scale of 1-10 for flavor & taste, 1-5 for body & texture and
1-5 for color & appearance, as described by Homayouni et
al., (2006). The properties evaluated included: (a) eight
attributes for flavor and taste (no criticism: 10, cooked
flavor: 9-7, lack of sweetness and too sweet: 9-7, lack of
flavor: 9-6, yogurt/probiotic flavor: 8-6, acidic/sour: 8-6,
rancid and oxidized: 6-1, and other: 5-1), (b) seven
characteristics of body and texture (no criticism: 5,
crumbly: 4-2, coarse: 4-1, weak: 4-1, gummy: 4-1, fluffy:
3-1, sandy: 2-1) and (c) four terms describing color and
appearance (no criticism: 5, pale color: 4-1, non-uniform
color: 4-1, unnatural color: 3-1). Total score of flavor &
taste, body & texture, and color & appearance was defined
as total acceptability. The samples stored at -18°C were
tempered at room temperature for 5 min prior to sensory
evaluation. Physical, bacteriological and sensory analyses
were carried out one day after production. The data were
statistically analyzed using ANOVA and treatment means
were compared by using Duncan's Multiple Range test to
determine the effects of treatments when the F-test was
statistically significant at P<0.05 (Steel et al., 1997). Skim
milk + cream + skim milk powder + gelatin + sugar (13, 15
or 17%) (Ice milk mix)

RESULTS AND DISCUSSION

Physical properties of ice milk mixes:

pH values, specific gravity, weight per gallon and
viscosity values of both probiotic ice milk mixes (NF, Fs7
and Fz groups) and ice milk mix as control (CO group) are
given in Table 2. The pH, weight per gallon and viscosity
values of all ice milk mixes ranged between 6.3 and 5.2,

10.25 and 11.24 Lb and between 104.7 and 139.9 cP,
respectively.

The freeze-dried Lactobacillus casei (Lc-01)
culture being added directly to ice milk mixes without
fermentation was of no significant effect on the pH, weight
per gallon and viscosity values of NF group, compared
with CO group.

The low pH values of F37 and F3 groups of 5.2 and
5.9, respectively, are due to the metabolic activity of Lc-01
during the fermentation step. Addition of sugar to ice milk
mix increased the weight per gallon of this mix
significantly, which might be attributed to the increase in
the dry matter content of the mix. Also, the added
concentration of to ice milk mix and the fermentation
technique increased the viscosity of the mix. Therefore, the
highest viscosity was related to Fszi7 ice milk mix,
followed by the Fsnz mix (139.9 and 1353 cP,
respectively), while, NF; and COi7; mixes achieved
viscosity ranged between 127.8 and 126.7 cP, respectively
(Table 2). This high viscosity might be due to the microbial
production of exo-polysaccharides during fermentation
(Patel et al. 2010). Also, during fermentation casein
micelles begin to aggregate and form a complex with
calcium that contributes to the increase in viscosity
(Ordonez et al. 2000).

Physical properties of probiotic ice milk samples:

Data illustrated in Table 3 revealed that the highest
weight per gallon was related to all ice milk samples made
with 17 % sugar. When sugar and fermented skim milk
with Lactobacillus casei (Lc-01) were added in the
formulation, no significant difference was verified for
overrun of Fz7 and Fz groups, compared with NF and CO
groups. Overrun ranged between 28.65 and 31.99 % (Table
3). Similar results were found in probiotic ice cream made
with Lactobacillus rhamnosus GG and 15 or 22 % sugar
by Alamprese et al. (2005).

Table 2. physical properties of aged probiotic ice milk

mixest made  with  different  sugar
concentrations
Aged H Specific  Weight per  Viscosity
mixes® P gravity gallon (Lb) (cP)
CO group
COus 6.3 1.2293 10.26° 105.33¢
COss 6.3% 1.2798 10.68° 113.00¢f
COrr 6.3 1.3356 11.152 126.67¢
NF group
NF13 6.32 1.2294 10.26° 104.679
NFis 6.3% 1.2737 10.63° 113.87¢
NF17 6.32 1.3375 11.16° 127.80°
Fs7 group
Farns 5.2¢ 1.2289 10.25¢ 113.19¢f
Fais 5.2¢ 1.2718 10.61° 122.78¢
Farz 5.2¢ 1.3365 11.152 139.88°
F30 group
Faon3 5.9 1.2330 10.29¢ 110.18f
Faos 5.9 1.2635 10.54° 120.32¢
Faonz 5.9° 1.3463 11.242 135.30°
LSD 0.1444 0.1633 3.671
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1 See Table 1 and Fig. 1
abe--2 Means in the same column without a common subscript are
significantly different (P < 0.05)

Melting behavior of ice milk samples is not
changed by the addition of Lc-01 strain, compared to the
control. Sugar content of ice milk sample negatively
affected its melting rate. All ice milk samples made with
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17 % sugar characterized with faster melting than the other
samples, which made with 15 or 13 % sugar (Table 3).
These results matched those reported by Akin et al. (2007).

Table 3. physical properties of probiotic ice milk
samples!

Icemilk  Specific Weight per Overrun Melted ice milk
samples!  gravity gallon(Lb) (%) (%)?
CO group

COu3 0.9571 7.994 28.657 87.97
COss 0.9776 8.16> 30.93 91.378
CO1r 1.0165 8.48% 31.43° 91.77°
NF group

NF13 0.9523 7.95¢ 29.202 88.88°
NF1s 0.9765 8.15¢ 30.442 91.447
NF17 1.0188 8.50° 31.302 91.502
Fs7 group

Farn3 0.9401 7.854 30.75% 88.11P
Famns 0.9696 8.09d 31.19? 88.57P
Fsrnz 1.0141 8.46%° 31.84% 91.122
F30 group

Fao3 0.9424 7.86¢ 30.872 87.95P
Fao1s 0.9640 8.05¢ 31.142 88.720
Fson7 1.0206 8.52% 31.99% 90.89%
LSD 0.3285 4.7486 1.8771

1See TablelandFig.1 2 Melted ice milk after 45 min
abed Means in the same column without a common subscript are
significantly different (P <0.05)

The effect of making stages on the viability of
Lactobacillus casei 01 in ice milk:

The viable counts of Lactobacillus casei (Lc-01)
during aging period are shown in Table 4. Significant
decrease in the viable counts was detected after 18 h aging
at 4°C in all of the experimented groups. The lowest of
viable counts of Lc-01 of 1.06x 107 cfu/g, were observed in
NF group, compared with 24.5x 107and 19.0x 107 cfu/g, in
Fs7 and Fs groups, and 24.5x 107and 19.0x 107 cfu/g,
respectively, during aging period. This might be due to the
resistance of Lactobacilli cells towards the concentration of
sugar and the cooling temperature provided by the
fermentation technique that may provide resistance to
Lactobacilli cells against the concentration of sugar (Streit
et al. 2008; Mohammadi et al. 2011; Arslan et al. 2016).
The fermentation technique also resulted in an increase in
an average of initial number of 25.0x 107 cfu/g and 19.1x
107 cfu/g, respectively, in Lc-01 in both Fs7 and Fso group,
compared to NF group (1.75x 107 cfu/g). However, the
initial number of Lc-01 in Fs7 group was higher than that in
Fso group. This could be attributed to the incubation
temperature. Generally, the highest viable counts of Lc-01
were related to Fszis and Fsziz ice milk mixes followed by
the Fzzns then Fsons mix (Table 4).

Table 4. viable counts of Lactobacillus casei 01(x 107 cfu/g) in ice milk mixes! made with different sugar

concentrations during 18 h aging at 4°C

Ice milk mixes (3 groups)t

,(Ar\]g);mg period NF (group 1) Fs7 (group 2) Fso (group 3)

T NF13 NF1s NF17 Fs713 Fs715 Fsmz F3o13 Fso15 Faonr ¥ Mean?
0 177 1.69_Jk 1.80 23.9¢ 25.4P 25.7% 7.7 20.47 19.29’_‘ 15.32
4 1.10 0.88K! 0.57K 25,5 26.72 26.4% 17.7 20.4% 18.3Ni 15.32
18 0.87K 0.51¢ 0.33' 21.8% 22.6¢ 22.14 18.8n 20.6¢ 18.1Ni 14.0°
Mean? 1.26% 1.02F 0.90F 23.88 24.9° 24,77~ 18.1P 20.5¢ 18.5P
Mean* 1.06¢ 2454 19.08

1 See Table 1 and Fig. 1 2Time: LSD (P <0.05) = 0.43 *Group

x Sample: LSD (P < 0.05) =0.744

4 Group: LSD (P <0.05)=0.43 “Group x Sample x Time: LSD (P < 0.05) = 1.288
ABCDENeans on the same line without a common subscript are significantly different (P < 0.05)
abe---I\Means in the same column without a common subscript are significantly different (P < 0.05)

Effect of freezing

The viable counts of Lactobacillus casei (Lc-01) in
3 groups of ice milk mixes during different freezing
periods are shown in Table 5. Comparison of the viable
counts after 5, 10 and 15 mins revealed that the freezing
period was of slightly effect on the viability of Lactobacilli
cells in the examined groups. The viable counts of L.c 01
in NF, Fs7 and F3o groups after 15 min freezing at -2.5°C
reduced by 45.6, 2.12 and 2.3%, respectively. The lowest
decrease in the viable counts of Lc-01 in Fs7 and Fzo groups
due to pre-adaptation of Lactobacilli cells during
fermentation against the freezing temperature, in addition
to sugar in ice milk mixes increased a probiotic's viability
through acting as cryoprotectant (Champagne and Rastall

2009). Similar results were obtained by Alamprese et al.
(2005), who indicated that the ice cream freezing process
(with a mix containing 10% fat and without fermentation)
caused a reduction by 33% of the initial count of
Lactobacillus rhamnosus GG. In general, this decrease is
due to the mechanical stresses of whipping and freezing
processes caused by the formation of ice crystals and by
scraping of the cylinder wall by blade of freezer(Gill 2006;
Akin et al. 2007; Akalin and Erigir 2008; Homayouni et al.
2008; Mohammadi et al. 2011). With regard to the
individual samples during freezing period, it was observed
that the highest viable counts of Lc-01 were obtained in
Fs715 and Fs717, followed by the Fs7;13 then F30/15(Table 5).

Table 5. viable count of Lactobacillus casei 01 (x 107 cfu/g) in ice milk mixes! made with different sugar

concentrations during 15 min freezing at — 2.5°C

Freezing Ice milk mixes (3 groups)?

period NF (group 1) Fs7 (group 2) F3o (group 3)

(min) NFi3 NF1s NF17 Fs713 Fss Farnz Fso13 Fsor1s Fso7 Mean?
0 0.87" 0.51" 0.33" 21.8® 22.6% 22.1® 18.89 20.6%€T 18.19 14.02
5 0.70 0.40" 0.24" 21.4bcd 22.3® 21.9% 18.59 20.30f 17.99 13.72
10 0.64" 0.35" 0.21n 21.3bede 22.2% 21.8% 18.49 20.2¢f 17.8% 13.6%
15 0.51" 0.26" 0.16" 21.3bcde 22.1%® 21.7%¢ 18.3% 20.1° 17.8% 13.5°
Mean® 0.687 0.38F 0.23F 215P 2237~ 21,978 18.5P 20.3° 17.9F

Mean* 0.43° 21.9° 18.98

1See Table 1and Fig. 1 2Time: LSD (P <0.05) = 0.374
“Group x Sample x Time: LSD (P <0.05) =1.121

% Group x Sample: LSD (P <0.05) =0.5602 *Group: LSD (P <0.05) =0.324

ABCDEFMeans on the same line without a common subscript are significantly different (P < 0.05)
abe.-hMeans in the same column without a common subscript are significantly different (P < 0.05)
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Effect of storage:

Results in Table 6 revealed a significant decrease in
the obtained viable counts of Lactobacillus casei (Lc-01) in
the three groups (NF, Fs; and Fso) during 60 days of
freezing storage at - 18°C., which might be due to the
continuous effect of the freezing temperature on the
viability of Lc-01. However, the viable counts of Lc-01 in
NF group were the lowest (0.29x 107 cfu/g), compared
with Fs7 and Fg groups (20.6x 107and 18.3x 107 cfulg,
respectively) during storage. It was also observed that Fs71s
and Fs7n7 samples contained the highest numbers of viable
cells of 21.0x 107and 20.9x 107 cfu/g, respectively, while
NFi71513 samples were of the lowest numbers of 0.15,
0.25 and 0.47x 107 cfu/g, respectively. Viable counts of
Lc-01 in all samples were higher than that of the
recommended minimum limit of 7 log cfu/g to have the
beneficial effects on the consumer's health (Hekmat and

McMahon, 1997). Similar results were also obtained by
Alamprese et al. 2005, Akin et al. 2007 and Gheisari et al.
2016). Gheisari et al. (2016), who reported that the viable
counts of Lactobacillus casei in stored ice cream sample
(8% fat and 15% sugar) at -18°C for 60 days were 16.9x
107 cfulg. Survival rate (%) of Lactobacillus casei 01 In ice
milk samples.

Results in Table 7 reveal the survival rate of the
examined Lactobacillus casei (Lc-01)' during aging,
freezing and storage for 60 days at -18°C. Survival rate of
Lc-01 in F3 —ice milks was the highest, followed by Fs7 —
ice milks.

This result was consistent with that reported by
Arslan et al. (2016), who observed that the inoculation of a
0.9% fat ice cream mixture with 10% fermented milk with
Lactobacillus acidophilus ATCC 4356.

Table 6. viable count of Lactobacillus casei 01 (x 107 cfu/g) in ice milk samples during 60 days storage at — 18.0°C

Storage  Ice milk sampes (3 groups)*

period NF (group 1) Fs7 (group 2) Fso (group 3)

(day) NFi3 NFis NFi7 3713 Faz1s Faz1z 3013 30/15 Fson7  Mean?
0 0.51% 0.27%  0.16X 21.3% 22.18 21.7® 18.3M 20.20 178"  13.6°
15 0.48% 0.25K 0.5  19.6°% 20.7° 2100 1830 192" 1781 13.1°
30 0.45k 0.24 0.5k  19.6°% 20.6% 20.6%  18.8% 1889 17.81  13.0~
60 0.42¢ 0.23 0.5  19.2%" 20.6% 20.5% 17,1 18.3" 17.0 12.7¢
Mean?® 0.47F 0.25F  0.158  19.98 21.0~ 20.9~ 18.1° 19.1¢ 17.6°

Mean* 0.29¢ 20.6* 18.38

1See Table 1and Fig. 1 2Time: LSD (P <0.05) =0.36
“Group x Sample x Time: LSD (P < 0.05) =1.08

% Group x Sample: LSD (P < 0.05) =0.54

4 Group: LSD (P <0.05)=0.31

ABCDENeans on the same line without a common subscript are significantly different (P < 0.05)
abe.-kMeans in the same column without a common subscript are significantly different (P < 0.05)

Table 7 survival rate (%) of Lactobacillus casei 01 in ice
milk samples after 60 days storage at -18°C

Table 8 shows the sensory scores of probiotic ice
milk samples at 1 and 60 days of storage at -18°C. The

Ice The initial The final Survival obtained results showed that the inoculation of ice milk
Sr.gII’ITI](plesl LQ%T?&L?J)Z LQ—%T?&L?JP [‘?/:‘3 mixtures QNith fermented skim milk with Lactobacillus casei
NF group 01 at 37°C had S|g_n|f_|cant effect on ice milk flavo_r only.
NF13 0.42 x 107 24.0 Therefore, the probiotic taste was found to be particularly
NFis 1.75x 10 0.23 x 10; 131 noticeable in all F3; — ice milk samples, whether fresh or
"g'\':” 0.15 x 107 8.6 stored. This could be due to the lower pH value for Fs; — ice
verage 0.27 x 10 15.2 - . - -
Fa7 group milk mixes (Table 2). For example, Fz717— ice milk was the
Farns 19.2 x 107 76.8 lowest preferred sample and obtained the lowest score
Farns 25.0 x 107 20,6 x 107 824 especially in flavor attribute. Also, sweetened taste was
iﬁj’é;age %8:?287 gg:g found to be noticeable in all ice milk samples with 17%
Fa0 group sugar. Thus, the high concentration of sugar affected the
Fson3 17.1x 107 89.5 acceptability of these samples. Fs1s—ice milk sample had the
E3°/15 19.1 x 107 gg - %8; gg-g highest acceptable and gave a good total impression with no
Af\?lé;age 175 x 107 916 marked off-flavor during the storage period despite its very
TSeeTable land Fig. 1 2See Table4  3See Table 6 light probiotic taste. None of the ice milks were judged to be

Sensory evaluation

crumbly, weak, fluffy or sandy.

Table 8. Organoleptic properties of probiotic ice milk samples! at days 1 and 60 of storage at — 18°C

Storage Oraanolentic Ice milk samples?
period ?O o rtizs CcO NF Far Fso
(day) prop CO1m CO1;s CO17 NF1i3s NFis NFi7 Faz Fsms Fsmr Fsons Faos Faonr
Color and appearance”  5.00° 5.00°8 5.0028 500* 5.00* 500* 5.00*® 500° 500* 500® 500° 5002
1 Body and texture” 3.832 387 4.00* 3.67% 3.67% 4.00* 4.00% 4.00*8 4.00% 4.00%0 4.00* 4.002
Flavor and taste™ 883" 10.0°8 7.67¢ 867 10.0* 7.67¢ 6.67¢ 7.67° 6.33¢ 900° 10.0* 8.33x
Total acceptability™  17.66° 18.872 16.67¢ 17.33 18.67% 16.67¢ 15.67¢ 16.67¢ 15.33¢ 18.0* 19.0® 17.33
Color and appearance  5.00° 5.00° 5.008 500* 5.00* 500*° 500* 500° 500* 500® 500 500
60 Body and texture” 3.83% 3877 4.00*0 3.67* 3.67% 4.008 4.00% 400*° 4.0020 4.00*® 4.00* 4.002
Flavor and taste™ 8.0¢ 10.0* 867¢ 809 10.0* 867¢ 7.33 8.0 708 933 10.0* 867°
Total acceptability™™ 16.83% 18.87% 17.67° 16.67% 18.67® 17.67¢ 16.33¢ 17.0¢ 16.0f 18.33° 19.0° 17.67°

! See Table 1and Fig. 1 #NS = not significant * LSD=0.3854 ** LSD=0.7357 ***LSD=0.8471

*3% | SD=0.6195 ***** |.SD=0.6537

abedef Means on the same line without a common subscript are significantly different (P < 0.05)
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CONCLUSION

Results obtained in the present study indicated that
the addition of fermented skim milk with Lactobacillus
casei 01 at 37 or 30°C to a 4% fat ice milk mixtures (Fs7
and Fso) allowed a survival rate ranged from 80 to 91% on
average after being subjected to aging, freezing and a
storage period of 60 days at -18°C compared to non-
fermented mixtures (survival rate, 15.2% on average).
Thus, adding fermented milk to regular ice milk mixture as
manufacturing technique can provide the initial number of
probiotic bacteria and the recommended number in the
final product. The final number of Lactobacillus casei 01
was 18.3 x 107 cfu/g of Fsons- ice milk with very light
probiotic taste. This viable cell number was higher than
that recommended number by the International Dairy
Federation (107cfu/g). Therefore, this product can represent
a good source of probiotic bacteria and is very acceptable
for infants and adults who dislike fermented milks.
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