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Abstract: Performance of sweet buttermilk as a replacement of buffaloe's skim milk one of low fat ice cream mix
ingredients making were investigated. All mixes and resultant ice cream were evaluated for their chemical, physical and
rheological as well as the sensory quality attributes. The specific gravity (SPG) of ice cream mix increased significantly
(p<0.05) with the increasing of buttermilk ratios. The weights per gallon (WPG) of different mixes are closely related to
their specific gravity. All low fat treatments had significantly higher (p< 0.05) SPG and WPG as compared to control
full fat (T1). Titratable acidity increased parallel with the replacement ratio. However pH values of low fat ice cream
were slightly decreased as the percentages of substitution increased. The freezing point of the mix decreased
significantly (p<0.05) with low fat ice cream compared to full fat ice cream (T1). The apparent viscosity and plastic
viscosity, consistency index of the control low fat ice cream mix and other low fat treatments tended to be lower than
that of full fat ice cream (T1) during the aging process up till 4 hours. Whereas, during aging process, it was noticed that
all values of apparent viscosity, plastic viscosity, yield stress and consistency coefficient index of all treatments were
increased with prolonged the aging period. Ice cream made by replacing 75% and 100% of buffaloe's skim milk with
sweet buttermilk exhibited the lowest specific gravity and weight per gallon as compared to low fat ice cream
treatments. Specific gravity and weight per gallon were inversely proportional to changes occurring in the overrun.
Substituting buffaloe's skim milk by sweet buttermilk caused an obvious decrease in the melting down rate (%) of ice
cream. As buttermilk ratio used in ice cream making increased as the body & texture and flavour scores were
enhanced during all freeze storage period. It could be concluded that substitution of buffaloe's skim milk with sweet
buttermilk produced ice cream with improving flavour intensity and became more smoother, creamy appearance and
high acceptability compared to control low fat. Such product can be applied for home of health concise and care of milk

fat.
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INTRODUCTION

Ice cream is a highly nutritive, complex food
matrix. Milk fat has been recognized as a critical
parameter for the formation and support of structural
characteristics of ice cream as well as for the perceived
textural quality and flavour perception (Dresselhuis e?
al., 2008 and Turgut & Cakmacki, 2009). Lowering of
the fat content brings a host of body & textural
problems and flavour defects (Hatchwell, 1994 and
Chantal et al., 1996). Addition of emulsifiers or blends
of stabilizers and emulsifiers or fat replacers to an ice
cream mix improving the sensory and physical
properties of low fat and nonfat ice cream (Marshall and
Arbukle, 1996; Bear et al., 1999; Azzam 2003).
Buttermilk is characterized by a fat composition rich in
milk fat globule membrane (MFGM) components, such
as phospholipids and various lipoproteins (Vyas et al.,
2002). The high content of phospholipids in buttermilk
makes this dairy ingredient interesting for use as a
functional ingredient because of the emulsifying
properties of phospholipids (Wong and Kitts, 2003;
Morin et al., 20006).

Sweet buttermilk, as a source of milk solids not fat
was used successfully in ice cream making, because its
very cheap price besides its advantage of improving the
texture, body and foam properties of product leading to
smooth body and better overrun (Mahran et al. 1976;
Fikry et al., 1994 and EL-Dieb ef al., 1995). Among the
numerous advantages of the use of milk solids from
buttermilk are not a decrease in the amount of waste
disposal and improved economics, but also improved
flavour and texture of the final product (Mayes et al.,
1994; Schoenfuss and McGregor, 1997).

Therefore, the present study was carried out to
investigate the effect of replacing buffaloe's skim milk
one of low fat ice cream mix ingredients with sweet
buttermilk on the chemical composition, physical and
sensory properties of low fat ice cream and to monitor
the changes of ice cream quality during freezing
storage.

MATERIAL AND METHODS
Materials:

Fresh buffaloe's milk (9.4 % SNF and 6 % fat) was
obtained from a private farm in Ismailia Governorate,
and was separated to obtain cream and skim milk. Sweet
buffaloe's s buttermilk (9% TS and 0.5 % fat) was
obtained by churning sweet buffaloe's cream. Skim milk
powder (97% TS, Grade A- low heat — spray dry
process) product by West Farm Foods, USA.
Commercial grade crystalline sugar (sucrose) was
obtained from the local market. Sodium carboxy methyl
cellulose (CMC) was obtained from Misr Food
Additives- MIFAD, Egypt.

Experimental procedures
1- Preparation of different ice cream mixes:

Ice cream mixes were prepared by mixing the
ingredients (Table 1). Six treatments were carried out.
The mix of control formula full fat ice cream from
buffaloe's milk was standardized to give 8% fat, 10%
milk solid not fat, 15% sugar and 0.2% CMC (T1).
Treatment (2) was standardized to give 2% fat, 12%
milk solid not fat, 15% sugar and 0.2% CMC and served
as control low fat ice cream. Other four treatments were
made by substituting (SM) with sweet buttermilk (BM)
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at different ratios as follow: 25% (T 3), 50% (T4), 75%
(T 5) and 100% (T 6). The mixes heated at 75°C for 5
min. cooled to 4°C and aged at that temperature for 4
hours prior to freezing. The mixture (2 Kg mix for each
treatment) was frozen in an ice cream freezing machine
(Taylor-mate Model 156, Italy). The resultant ice cream
was packaged in cups (100 ml), and put in deep freezer
at -18°C for hardening according to Marshall and
Arbuckle (1996).

Methods of analysis:

The ice cream mix was analyzed for titratable
acidity according to the official method A.O.A.C.
(1990), pH using digital pH meter (Jenway pH meter,
Jenway Limited, England). Specific gravity (Winton,
1958), weight per gallon (Burke, 1947), freezing point
(FAO Laboratory Manual, 1977), Viscosity and
rheological parameters were carried out using Digital
Rheometer model DV- 11+ (Brookfield Engineering
Laboratories, Inc., MA, USA) equipped with a Scs21
spindle.. Measurements were made at temperature of
5°C in shear rate ranging from 9.3 to 93 S”. All
rheological properties were performed in duplicates.

The resultant ice cream were analyzed for overrun
(Marshall and Arbuckle 1996), melting resistant
(Bhanumurthi et al., 1972), specific gravity (Winton,
1958), and weight per gallon (Burke, 1947).

Sensory evaluation:

The sensory evaluation for resultant ice cream were
carried out by 10 of the staff members of the Dairy
Dept. for , flavour (45 points), body and texture (30
points), and appearance & colour (25 points).

Statistical analysis

All obtained data were subjected to the statistical
analysis and analysis of variance by the procedure of
general linear model using CoStat (1998) under
windows software version 6.311 and least significant
difference (LSD) test were employed to determine
significant difference at (p<0.05).

RESULTS & DISCUSSION

Properties of ice cream mix:

The changes in specific gravity (SPG) and weight
per gallon (WPG) of different ice cream mixes as
influenced by fat content and different amounts of
buttermilk are presented in Table (2). The specific
gravity of ice cream mix increased significantly
(p<0.05) with the increasing of buttermilk ratios.
Investigation indicates that the specific gravity of a mix
may vary from 1.0544 to 1.1232 (Marshall and
Arbuckle, 1996). The control treatment (T1) showed the
lowest specific gravity among all treatments. The
weights per gallon of different mixes are closely related
to their specific gravity. All low fat treatments had
significantly higher (p<0.05) SPG and WPG as
compared to control one (T1). This may be due to the
higher percent of SNF and lower fat contents of these
treatments as compared to full fat one. Similar findings
were observed by Khalil and Embaby (2012). Also it
was noticed that using different ratios of BM had no
significance effect on SPG and WPG of different low

fat ice cream mixes. Similar findings were noticed by
Badawi et al. (2010) who attributed that to similar
chemical composition of skim milk and buttermilk.

The acidity % and pH values are related to
composition of the mix, an increase in SNF raises
acidity and lowers the pH. Table (2) represents the
acidity% and pH values of ice cream mixes as affected
by using different amounts of buttermilk. It was
observed that titratable acidity increased parallel with
the replacement ratio. Ice cream mixes containing 75%
and 100% sweet buttermilk (TS5, T6) had higher
(p<0.05) total acidity than the control full fat ice cream
(T1). Titratable acidity of low fat ice cream mixes were
not significantly different (p<0.05) from each other,
which means that using BM with different amounts had
no significant effect on the titratable acidity of low fat
ice cream mixes. From the same Table, it was found that
control full fat ice cream had higher pH value than other
low fat treatments. This may be correlated with the high
SNF of low fat treatments as compared with control
one. However pH values of low fat ice cream were
slightly decreased as the percentages of substitution
increased. This may be due to the similar pH values of
BM and SM used in ice cream making. Similar trends
were found by Mahran et al. (1976) and Badawi et al.
(2010). The changes in the acidity of different ice cream
mixes showed an opposite trend for pH values. The
freezing point of prepared mixes ranged from -2.28 of
control full fat (T1) to -2.31 of low fat ice cream mixes.
This can be attributed to the differences in solids not fat
(SNF). The freezing point of the mix decreased (Table
2) significantly (p<0.05) with low fat ice cream
compared to full fat ice cream (T1). Generally, the
freezing point is depressed as the serum phase
concentration is increased or as the solutes molecular
weight is decreased (Hartel, 2001). Similar findings
were reported by Ohemes et al. (1998) and El- Kholy
(2005) they stated that when fat removed from ice
cream and replaced with non fat milk solids or other
dissolved substances, the freezing point was lowered.
Using buttermilk causing slight decrease, but not
significant (p<0.05), for the freezing point of treatments
T3:T6. Similar findings were reported by Azzam (2003)
who found that increasing the substitution of SNF by
dried buttermilk to 50% caused a decrease of freezing
point of the resultant ice cream.

Rheological Characteristics:

The changes of the rheological characteristics of
different ice cream mixes as affected by using different
amounts of buttermilk were illustrated in Table (3). The
attained results shows that the apparent viscosity and
plastic viscosity, consistency index of the control low
fat ice cream mix and other low fat treatments tended to
be lower than that of full fat ice cream (T1) during the
aging process up till to 4 hours. From the same Table,
data referred to that replacing of buffaloe's skim milk
with buttermilk had significant (p<0.05) positive effect
on the rheological characteristics such as apparent
viscosity, plastic viscosity, consistency coefficient
index. This may be due to the milk fat globule
membrane content of buttermilk which acts as a natural
emulsifying agent. A pronounced (p<0.05) increase in
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viscosity was observed for treatment (T6) which made
from 100% BM comparing to other low fat treatments
during aging period. During aging process, it was
noticed that all values of apparent viscosity, plastic
viscosity, Yield stress and consistency coefficient index

Table (1): The ingredients used in making Ice cream mixes.

of all treatments were increased with prolonged the
aging period. There effects were remarkable with aging
process up till to 4 hours. This increase may be due to
gel formation and increasing the amount of water
hydration (Marshall and Arbuckle, 1996).

The mix specification

Ingredients

T1 T2 T3 T4 T5 T6
Buffaloe's skim milk (0.5% fat, 9% SNF) 64.2 74.9 56.2 37.5 18.7 -
Buttermilk (0.5 fat, 9% SNF) - - 18.7 37.5 56.2 74.9
Skim milk powder (97% SNF) 3.5 6.3 6.3 6.3 6.3 6.3
Cream(45% fat, 4.95% SNF) 17.1 3.6 3.6 3.6 3.6 3.6
Sugar 15 15 15 15 15 15
CMC 0.2 0.2 0.2 0.2 0.2 0.2

Table (2): Effect of substituting buffaloe's skim milk by different percentages of sweet buttermilk on some properties

of Ice cream mix (average of three replicates)

Ice cream (mix)

Properties

T1 T2 T3 T4 T5 T6
Specific gravity (gm/cm’) 1.0854>  1.1022° 1.1023° 1.1023*  1.1024*  1.1025°
Weight per gallon (Kg/gallon) 4.934° 5.011° 5.011° 5.011° 5.012° 5.012°
Acidity% 0.19° 0.20® 0.20™ 0.21% 0.22° 0.22°
pH 6.47° 6.44% 6.43° 6.42° 6.42° 6.41°
Freezing point (-°C) -2.28" -2.31° 2.31° -2.31° 2.31° 2.31°

T1: control full fat, T2: control low fat, T3: 25% BM, T4: 50% BM, T5: 75% BM, T6: 100% BM.
*a and b: means with the same letter among the treatments are not significantly different (p < 0.05).

Table (3): Effect of substituting buffaloe's skim milk with different percentages of buttermilk on the rheological
characteristics of ice cream mix during aging period at 5°C.

. Treatments
Time T, T, T, T, T. T, Mean
Apparent Viscosity (m Pas)
0 hour 257 159 167 176 185 197 190.16°
2 hours 299 188 199 206 211 220 220.55°
4 hours 320 212 245 237 255 259 254.66"
Mean 2924 186.44" 203.66°  206.33° 217¢ 225338
Plastic viscosity (m Pas)
0 hour 156 129 131 134 137 141 138°
2 hours 183 152 155 158 160 162 161.66°
4 hours 201 175 179 183 186 188 185.38"
Mean 180.11* 152F 1558 158.33° 161¢ 163.66"
Yield stress (N/m?)
0 hour 3.45 3.42 3.48 3.55 3.63 3.72 3.54°
2 hours 4.49 3.71 3.75 3.79 3.82 3.85 3.90°
4 hours 4.52 3.96 3.98 4.03 4.08 4.11 4.11°
Mean 4.15* 3.69" 3.73% 3.79° 3.84¢ 3.898
Consistancy coefficient index (m Pas)
0 hour 149.3 101.3 104.3 105.75 108.2 110.4 113.20°
2 hours 200 133 139 144 148 151 152.5°
4 hours 247 156 164 173 177 182 183.16
Mean 198.76* 130.10" 135.76%  140.91° 144.40€ 147.80°
Flow behavior index
0 hour 0.551 0.574 0.571 0.567 0.563  0.565 0.565°
2 hours 0.540 0.571 0.569 0.566 0.562  0.560 0.561°
4 hours 0.530 0.560 0.559 0.553 0.550  0.548 0.550°
Mean 0.450" 0.568" 0.566° 0.562°¢ 0.558°  0.557°

T1: control full fat, T2: control low fat, T3: 25% BM, T4: 50% BM, T5: 75% BM, T6: 100% BM.
**a, b & cand A, B, C, D, E &F: means with the same letter among the treatments and storage period respectively are not significantly different

(p<0.05)
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Ice cream properties:

Specific gravity is one of the important physical
properties of ice cream; it gives some information about
the quality of the resultant ice cream such as body and
texture, incorporated air and melting quality. Generally
incorporation of air in ice cream mix during the pre-
freezing process decreased the specific gravity of ice
cream and consequently to its weight per gallon. It was
noticed that full fat ice cream had lower (p<0.05)
values of specific gravity and weight per gallon as
compared to low fat ice cream treatments (Table 4).
This may be due to the high contribution of fat to the
stability of air phase of ice cream during freezing and
whipping (Goff et al., 1999). Similar trend were found
by El- Kholy (2005) & Khalil and Blassy (2011). Ice
cream made by replacing 75% and 100% of buffaloe's
skim milk with sweet buttermilk exhibited the lowest
specific gravity and weight per gallon as compared to
low fat ice cream treatments. These results in agreement
with those reported by Badawi et al., (2010).This could
be attributed to the extent of milk fat globule membrane
which causes higher whipping ability in the mix during
the pre-freezing process (El-Dieb, 1995). Specific
gravity and weight per gallon were inversely
proportional to changes occurring in the overrun
(Mahran et. a.l., 1984, Jangiou and Moosavi, 2004; Rad
et al., 2005 and Abbas 2006). The changes of overrun%
of different ice cream treatments as affected by using
different amount of buttermilk are shown in Table (4).
The results referred to that full fat ice cream, treatment
(T1), had significantly (p<<0.05) higher overrun % than
that of control low fat ice cream treatment (T2). This
may be due to the high contribution of fat to the stability
of air phase of ice cream during pre-freezing and
whipping (Goff et al., 1999). Substituting of buffaloe's
skim milk with sweet buttermilk caused a pronounced
(p<0.05) increase in the overrun % of low fat ice cream
being 48.36, 50.60 and 51.65% for treatments (T4), (T5)
and (T6) respectively. However, ice cream made by
substituting 25, 50, 75 and 100% of buffaloe's skim
milk with sweet buttermilk were significantly (p<0.05)
different from each other, while they exhibited the
highest overrun as compared to control low fat ice
cream (T2). The positive relationship between the
overrun and the ratio of substituting buffaloe's skim
milk by sweet buttermilk may be attributed to higher
phospholipids and fat globule membrane in buttermilk
which have good emulsifying and higher whipping
ability. These results are in agreement with those
reported by Mostafa et al. (2001); Azzam (2003) and
Badawi et al. (2010). It might be observed from the
same table that overrun in the resulting ice cream
increased proportionally to the decrease of their specific
gravity.

The melting down rate (%) represents the loss in
weight of the tested samples during 60 min. High
quality product would show a relatively high resistance
towards melting. The melting down properties of ice
cream constitutes a critical performance parameter for
the product, so much so that, these properties contribute
towards the quality judgment besides its sensory
properties (Tharp ef al., 1998). The melting down rate
of different ice cream treatments as affected by

substituting buffaloe's skim milk with different amounts
of sweet buttermilk during 45 days of storage was
represent Table (5). The control full fat ice cream (T1)
took longer time to melt down than control low fat (T2).
This may be attributed to the contribution of fat to the
structured characteristics of ice cream as well as its
reduced heat conductivity (Soukoulis et al., 2009). Ice
cream containing buttermilk solids showed noticeable
decrease in the melting rate of ice cream as compared
with control low fat (T2). Substituting buffaloe's skim
milk by sweet buttermilk caused an obvious decrease in
the melting down rate of ice cream. The melting
resistance increased pronouncedly (p<0.05) as the ratio
of replacement was increased. The lowest low fat ice
cream sample was (treatment 6). This may be due to the
presence of some constituents in buttermilk and/or the
high overrun, when air serves as an insulator and
reduced heat transfer (Kebary, 1996). The melting rate
decreased gradually with prolonged the freeze storage
and this could be due to the decrease of latent heat of ice
cream, so it needs more time to melt and accordingly
improve the melting quality. Ice cream made by
replacing 75 and 100% of buffaloe's skim milk with
sweet buttermilk exhibited the highest overrun and had
the highest melting resistance, while control low fat ice
cream (T2) which exhibited the lowest overrun had the
lowest melting resistances. These results are in
accordance with those reported by El- Dieb et al.
(1995); Kebary (1996) and Azzam (2003). On the other
hand, the initiation of fluid release was slower for
treatments (T6), (T5), (T4) and (T3) respectively. This
might be due to its higher emulsion stability than
control low fat ice cream (T2), which melts faster.
These results are in line with those reported by Fikry et
al. (1994) and Azzam (2003).

Sensory evaluation:

It was noticed that full fat ice cream (T1) had
significant higher flavour, Body & texture, appearance
& colour and overall acceptability scores than that of
low fat ice cream treatments during all freeze storage
periods (Table 6). This may be due to milk fat has been
recognized as a critical parameter for the formation and
support structural characteristics of ice cream (Turgut
and Cakmacki, 2009). This have been interconnected
with milk fat functionality including fat destabilization,
increased air incorporation and air cell stabilization,
lubrication of oral tissue and improvement of mouth
sensation (Dresselbuis et al., 2008). The panelists
cleared that decreasing the fat content of ice cream
made it cooler with more watery body & texture with
few visible air bubbles (T2). From the same table, it
was observed that as buttermilk ratio used in ice cream
making increased as the body & texture and flavour
scores were enhanced during all freeze storage period.
Resultant ice cream became smoother and had creamy
appearance with improving flavour intensity by adding
(BM). So, treatments (T6, T5) respectively attained
higher scores for overall acceptability among other low
fat treatments. This might be due to the presence of
phospholipids and other milk fat globule membrane and
its beneficial effect on whipping ability which caused
smooth texture for the resultant ice cream (EI-Dieb et
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al., 1995). However, prolongation of the storage period
lead to less scoring for sensory evaluation of the
resulting ice cream. Also, it could be noticed that ice
cream treatments containing sweet buttermilk were
obviously (p<0.05) less scoring than control full fat in
fresh and during storage periods while more
pronouncedly (p<0.05)  than control low fat (T2).
Similar trend was found by El-Dairy et al., (1995) and
Awad & Salama (2010) for using buttermilk in ice milk
making.

From the foregoing results, it is possibly to make a
good quality low fat ice cream with substituting up to
75% or 100% buffaloe's skim milk by sweet buttermilk.
In another term, it could be concluded that substitution
of buffaloe's skim milk with sweet buttermilk produced
ice cream with improving flavour intensity and became
more smoother, creamy appearance and high
acceptability compared to control low fat. Such product
can be applied for home of health concise and care of
milk fat.

Table (4): Effect of substituting buffaloe's skim milk by different percentages of buttermilk on ice cream properties

(one day after hardening).

Properties Ice cream

T1 T2 T3 T4
Specific gravity (gm/cm’) 0.699 © 0.752° 0.749*  0.743°  0.732°  0.727°
Weight per gallon (Kg/gallon) 3.178" 3.419° 3.405°  3.378°  3.328°  3.350¢
Overrun % 55.28° 46.47" 47.17°  4836°  50.60° 51.65°

T1: control full fat, T2: control low fat, T3: 25% BM, T4: 50% BM, T5: 75% BM, T6: 100% BM.

*a, b, ¢, d, e & f: means with the same letter among the treatments are not significantly different (p<0.05).

Table (5): Effect of substituting buffaloe's skim milk by different percentages of sweet buttermilk on melting down rate

(%) of ice cream within 60 min during storage period at -18°C

Storage period (day) N

Treatments Fresh 15 30 45 Mean

15 min
T1 11.40 2.20 1.30 1.10 4.000"
T2 38.80 4.90 2.30 2.05 12.012%
T3 32.30 4.55 1.90 1.70 10.112B
T4 25.40 4.20 1.60 1.45 8.162¢
T5 20.40 4.20 1.20 1.05 6.712°
T6 18.86 430 1.20 1.05 6.352F
Mean" 24.52° 4.05° 1.58° 1.40¢

30 min
T1 25.70 14.50 9.50 8.50 14.44"
T2 75.12 41.70 24.45 20.50 40.44*
T3 64.60 32.90 22.00 18.10 34.40°
T4 56.86 30.90 16.95 13.50 29.35°¢
T5 55.30 21.80 16.34 13.0 26.61°
T6 55.19 21.50 15.00 12.5 26.04"
Mean* 55.46° 27.21° 17.23° 14.35¢

45 min
T1 31.02 24.00 20.00 17.25 23.067°
T2 83.47 75.40 65.23 55.87 69.95*
T3 81.20 74.90 64.00 53.40 68.375%
T4 68.60 62.40 59.00 51.20 60.30°
T5 63.30 55.10 53.00 46.50 47.72F
T6 60.90 53.00 48.80 44.40 51.77°
Mean* 60.24° 57.44° 51.67° 44.77°

60 min
T1 50.30 47.12 42.95 41.34 45.42°
T2 100 97.67 95.22 94.14 96.76*
T3 96.00 93.24 90.55 89.42 92.30°
T4 91.26 88.43 85.61 84.11 87.35¢
T5 86.97 83.65 82.00 80.13 83.19°
T6 82.85 79.50 76.16 74.88 78.35"
Mean" 84.56" 81.59° 78.75¢ 77.34¢

T1: control full fat, T2: control low fat, T3: 25% BM, T4: 50% BM, T5: 75% BM, T6: 100% BM.

**a,b,c&d and A, B, C, D, E & F : means with the same letter among the treatments and storage period respectively are not significantly

different (p<0.05).
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Table (6): Effect of substituting buffaloe's skim milk with different percentages of sweet buttermilk on scores of
sensory evaluations of ice cream during storage period at -18°C

Storage period (day)

Treatments Fresh 15 30 45 Mean*
Flavour (45 points)
T1 44.00 43.55 43.00 42.50 43.26"
T2 40.00 39.30 38.50 38.00 38.95°
T3 41.00 40.20 39.50 39.00 39.90¢
T4 42.00 40.80 40.00 39.50 41328
T5 42.50 41.20 40.80 40.20 41.17°
T6 42.70 42.00 41.50 41.00 41.80°
Mean* 42.03° 41.16° 41.05° 40.03¢
Body& texture (30 points)
T1 28.00 29.00 29.11 28.80 28.72%
T2 25.00 25.50 25.62 25.30 25.35%
T3 26.00 26.50 26.73 26.20 26.35°
T4 26.50 26.88 27.20 26.60 26.79¢
T5 26.72 27.12 27.40 26.72 26.99°
T6 26.84 27.30 27.70 26.74 27.14%
Mean* 26.51° 27.05° 27.29° 26.72°
Appearance and colour (25 points)
T1 25.00 25.00 24.00 23.80 24.45%
T2 23.00 23.00 22.50 22.50 22.75¢
T3 24.00 24.00 23.40 23.00 23.60°
T4 24.00 24.00 23.50 23.30 23.70°
T5 24.00 24.00 23.52 23.33 23.718
T6 24.00 24.00 23.52 23.34 23.718
Mean* 24° 24° 23.40° 23.21°
Overall acceptability (100 points)

T1 97.00 97.00 96.11 95.10 96.30*
T2 88.00 87.80 86.62 85.80 87.05"
T3 91.00 90.70 89.63 88.20 89.88"
T4 92.50 91.68 90.7 89.40 91.07°
T5 93.22 92.32 91.72 90.27 91.88°
T6 93.54 93.30 92.72 91.08 92.66"
Mean* 92.54° 92.13° 91.25¢ 89.97¢

T1: control full fat, T2: control low fat, T3: 25% BM, T4: 50% BM, T5: 75% BM, T6: 100% BM.
**a,b,c&dand A, B, C, D, E & F : means with the same letter among the treatments and storage period respectively are not significantly

different (p<0.05).
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