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ABSTRACT: The effect of adding different levels of fat replacers either "Dairy Lo" or "Maltrin"
on the quality of nonfat yoghurt was studied. "Dairy Lo" or "Maltrin" were added to nonfat milk
yoghurt at levels of 0.5 and 1%. Results showed that addition of fat replacers did not significantly
affect the chemical composition of resultant nonfat yoghurt and increased the soluble nitrogenous
compounds, formation of acetaldehyde, diacetyle and total volatile fatty acids (flavour compounds).
Also, addition of fat replacers, improved rheological properties: (syneresis and viscosity of yoghurt).
On the other hand, addition of both "Dairy Lo" and "Maltrin" increased the organoleptic properties of
yoghurt. Maltrin was more effective in this respect. Overall, the nonfat yoghurt containing 0.5 and 1%
Maltrin was similar in quality characteristics to full fat control yoghurt. So, it could be recommended
using some fat replacers especially Maltrin to improve the flavour formation and body characteristics

of nonfat yoghurt.
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INTRODUCTION

In recent years, low fat and non-fat dairy
products including yoghurt have gained
popularity because of consumer awareness about
health concerns related to decreasing the risks
connected with obesity and coronary heart
diseases (Sandoval et al., 2004). However, the
partial or total removal of fat from yoghurt
decreases the overall quality perceived by the
consumers (Folkenberg and Martens, 2003). It
was reported that reduction of fat content in
yoghurt resulted in lower gel strength and
firmness than full fat yoghurt, as a consequence
of lower number of fat globules embedded in the
protein network (Duboc and Mollet, 2003).

To improve textural and functional properties
of non-fat yoghurt, the use of some additives has
been widely investigated (Cayot et al., 2007).
Fat replacers can be successfully used in the
manufacture of reduced fat dairy products such
as cheese, ice cream and yoghurt (Barrantes et
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al., 1994). Fat replacer is an ingredient that can
be used to provide some or all the function of
fat, yielding fewer calories (Tubasanli, 2015).
Also, fat replacers can be used to solve some
physical and textural problems originating from
low-fat level in the dairy products. Dairy-Lo is a
protein-based fat replacer which has a GRAS
(Generally Recognized as Safe) status derived
from whey protein concentrate (Kok-Tas and
Ciizel, 2010).

Some investigators tried to improve the
textural problem of nonfat low calorie yoghurt
and low fat soft, semi hard and hard cheeses by
incorporating certain additives e.g. various fat
mimetic (Sucrose polyester, microparticulated
protein-based fat replacers "Dairy Lo",
carbohydrate-based fat replacers "Maltrin",
emulsifying agent "soy lecithin" and whey
protein concentrate (Kebary et al., 2006).

The objective of this study was to improve

the nonfat yoghurt quality by using two types of
fat replacers, i.e. Dairy Lo or Maltrin.
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MATERIALS AND METHODS

Materials
Milk

Fresh whole buffalo's milk was obtained
from Dairy Technology Unit, Food Science
Department, Faculty of Agricultural, Zagazig
University.

Starter cultures

Yoghurt culture containing Streptococcus
salivarius subsp. thermophilus EMCC104 and
Lactobacillus  delbruekii  subsp.  bulgaricus
EMCC1102 Were obtained from the
Microbiological Resources Center (MIRCEN),
Faculty of Agric., Ain Shams Univ., Egypt.

Fat replacers

Two types of fat replacers have been used in
this study:

A Protein-based fat replacer "Dairy Lo",
consists of microparticulated whey protein
concentrate, was obtained from the Nutra Sweet
Company, California, USA, and Carbohydrate-
based fat replacer "Maltrin " was obtained from
FMC Corp, Philadelphia, PA, USA.

Manufacture of nonfat yoghurt

Fresh bulk buffalo's milk was separated to
skim-milk and cream. Cream was used to
standardize the percentage of milk fat. Milk
containing 3% fat was used in the preparation of
control low fat yoghurt (C1). Nonfat buffalo's
milk was divided into 5 portions (4 kg each).
The first portion was left without additives as a
second control (C2), Dairy Lo was added to the
other two portions at the rate of 0.5 and 1% (T1
and, T2). Maltrin was added to the other two
portions at the same rate 0.5 and 1% (T3 and
T4). Each milk treatment was heated at 90°C for
15 min, and then cooled to 42 + 1°C, inoculated
with 2% of yoghurt starter culture, filled in
plastic cups and incubated at 42°C until a
uniform coagulation was obtained. The resultant
yoghurt from all treatments were stored at 5-7 £+
1°C and analyzed after 1, 3, 6 and 12 days of
storage for chemical composition rheological
measurements and sensory evaluation. Results
were also statically analysed.This experiment
was carried out in triplicates.

Methods of analyses

Resultant yoghurt from all treatments were
chemically analyzed for total solids, fat and
titratable acidity as described by AOAC (2007).
pH value was measured in all samples using a
digital pH meter. Total and soluble nitrogen
percentages were determined by semi-micro
Kjeldhel method as described in the AOAC
(2007). Acetaldehyde and diacelyle contents in
all yoghurt treatments were determined as
described by Less and Jago (1969). Acetaldehyde
reacts with semi-carbazide to form semi-
carbazone which has absorption value at 224 nm
wave length meanwhile diacetyle has an
absorption value at 270 nm. Total volatile fatty
acids (TVFA) of all yoghurt treatments were
estimated according to Kosikowski (1978).

Rheological Measurements
Syneresis

The released whey from yoghurt samples
was measured according to the method of
Aryana (2003). The quantity of whey collected
from every sample in graduated cylinder after 2
h of drainage at 20°C was used as an index of
syneresis.

Viscosity

The viscosity of yoghurt samples were
measured by the method of Aryana (2003) using
Rotational Viscometer Type Lab. Line Model
5437. Results were expressed as Cps.

Sensory evaluation

Yoghurt organoleptically
examined after refrigeration storage for 1, 3, 6
and 12 days for flavour, body and texture,
appearance, and acid taste represented by 45, 35,
10 and 10 degree, respectively according to
Hamdy et al. (1972).

samples were

Statistical Analysis

Statistical analysis of the obtained data was
carried out according to the method described by
Clarke and Kempson (1997). Least significant
differences (LSD) at 0.05 level was done.
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RESULTS AND DISCUSSION

Chemical Composition

Table 1 shows that yoghurt made from milk
containing 3% fat (C1) had the highest total
solids (TS) and it was significantly (P<0.05)
different from all yoghurt treatments, while the
nonfat yoghurt (C2) exhibited the lowest TS
content. This decrease in TS may be due to the
low fat content in yoghurt milk. The TS content
of nonfat yoghurt containing fat replacers either
Dairy Lo or Maltrin increased by increasing the
percentage added. However, the TS content of
yoghurt from all treatments slightly increased
during the storage period (Abd El-Salam et al.,
1996; Omar and Abou El-Nour 1998; Kebary
and Hussein, 1999; Hussein et al., 2004). The
protein-based fat replacer (Dairy Lo) had the
same effect of carbohydrate-based fat replacer
(Maltrin) on the TS content of nonfat yoghurt
treatments.

Also Table 1 shows that the nonfat yoghurt
had a slight increase in the total protein (C2)
compared with yoghurt control (C1). The total
protein of nonfat yoghurt with fat replacers
slightly increased by increasing the percentage
added especially when the protein-based fat
replacer (Dairy Lo) was used. On the other
hand, the total protein of all treatments did not
significantly change throughout the storage
periods (Barrantes et al., 1994; Kebary and
Hussein, 1999 ; Mehana et al., 2000).

Table 1 show that, the yoghurt (CI)
contained the highest fat content significantly
(P<0.05) compared with other treatments. On
the other hand, addition of fat replacers to nonfat
milk did not affect the fat content of the
resultant yoghurt. The fat content of all
treatments slightly increased as the storage
period progressed.

The rate of proteolysis expressed as SN/TN
(%) is illustrated in Table 2. The results show
that, the rate of proteolysis slightly decreased in
nonfat yoghurt (C2). These results are in
agreement with Mehana ef al. (2000). However,
SN/TN (%) of yoghurt containing Dairy Lo
gradually increased with increasing the
percentage of Dairy Lo during the storage period
(Zedan et al., 2001). On the other hand, nonfat
yoghurt containing Maltrin had less effect on the

proteolysis of the resultant yoghurt. During
storage, the proteolysis increased in all
treatments, this may be due to the limited
hydrolysis of milk protein by lactic acid bacteria
(Rasic and Kurmann, 1978 ; Hussein et al.,
2004).

Slight differences were observed in the
titratable acidity (%) of yoghurt between different
treatments. The absence of fat slightly increased
acidity with addition of fat replacer (Dairy Lo or
Maltrin) with different concentrations as shown
in Table 2, the titratable acidity slightly
increased up to the end of storage period as
observed for all yoghurt samples.

Changes in pH value of yoghurt from
different treatments as affected by addition of fat
replacers or by storage period followed almost
opposite trend to acidity (Table 2). These results
agree with Zedan et al. (2001) and Kebary et al.
(2004).

Flavour compounds: some flavour compounds
of yoghurt treatments were assessed by the
determination of some volatile compounds e.g.
acetaldehyde, diacetyle and total volatile fatty
acids (TVFA) which have been reported as
flavour compounds in yoghurt (Tamine and
Deeth, 1980). It is evident from Table 3 that,
nonfat yoghurt treatments significantly had
lower flavour compounds than in full fat
yoghurt. Treatments of nonfat yoghurt with fat
replacers (Dairy Lo or Maltrin) especially at
higher concentration had slight effect on these
compounds. On the other hand, it was found that
acetaldehyde values decreased as storage period
progressed for all treatments, also diacetyle
values increased up to 7 day of storage period
and then decreased as storage period progressed.
This may be due to the ability of lactic
microorganisms to hydrolyse acetaldehyde and
diacetyle to acetone (Zedan et al, 2001;
Tubasanli, 2015).

Total volatile fatty acids (TVFA) contents in
all yoghurt samples increased during storage
periods. This could be attributed to limited
proteolytic and lipolytic action of yoghurt starter
cultures during processing and storage of
yoghurt. Similar results were obtained by
Mehana et al. (2000). However, Dairy Lo had
higher effect than Maltrin in this respect. These
results agree with (Tubasanli, 2015).
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Table 1. Chemical composition of nonfat yoghurt containing fat replacers

Yoghurt Total solids (%) Total protein (%) Fat (%)
sample

Storage period (day) Storage period (day) Storage period (day)

1 3 6 12 1 3 6 12 1 3 6 12
C1 11.50 12.10 12.61 13.06 349 3.67 382 412 3.10 3.12 3.15 322
C2 891 9.65 10.10 1042 3.75 4.02 420 432 010 0.14 022 024
T1 9.35 10.02 10.50 10.67 394 4.19 437 444 0.10 0.13 020 0.24
T2 10.12 10.60 10.82 11.13 4.12 442 458 466 0.10 0.15 024 0.28
T3 9.61 10.12 10.63 11.04 3.80 4.16 434 450 020 0.18 0.28 0.32
T4 10.20 11.86 11.14 1140 3.84 4.18 440 455 020 0.16 025 0.30

LSD 0.319 0.066 0.273 0.021 0.273 0.021 0.273 0.020 0.021 0.210 0.273 0.210

C1 = Control low fat yoghurt from buffaloes' milk containing 3% fat.

C2 = Nonfat yoghurt without fat replacer.

T1 and T2 : Nonfat yoghurt containing fat replacer (Dairy Lo) at the rate of 0.5 and 1%.
T3 and T4 : Nonfat yoghurt containing fat replacer (Maltrin) at the rate of 0.5% and 1%.
NS: Not significant.

Table 2. Proteolysis as SN/TN (%), Titratable acidity (%) and pH value of nonfat yoghurt
containing fat replacers

Yoghurt SN/TN (%) Titratable acidity (%) pH value
sample

Storage period (day) Storage period (day) Storage period (day)

1 3 6 12 1 3 6 12 1 3 6 12
C1 588 7.18 738 793 080 0.86 090 096 443 427 410 3.96
C2 432 728 542 578 085 090 094 1.12 437 396 392 3.72
T1 7.88 822 842 920 087 092 09 1.14 435 394 390 3.70
T2 814 879 926 10.05 090 095 098 1.18 438 392 388 3.68
T3 475 526 560 582 092 095 096 122 435 390 390 3.66
T4 475 528 562 584 095 094 098 124 438 392 380 3.64

LSD 0.510 0.446 0.432 0.520 0.021 0.021 0.021 0.132 0.021 0.021 0.066 0.132
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Table 3. Flavour compounds of nonfat yoghurt containing fat replacers

587

Yoghurt Acetaldehyde Diacetyle Total volatile fatty acids
sample (ng/100 ml) (ng/100 ml) (0.1 N-NaOH/100 g)
Storage period (day) Storage period (day) Storage period (day)
1 3 6 12 1 3 6 12 1 3 6 12
C1 29.50 29.00 26.50 25.00 59.00 61.00 63.0 59.0 650 870 9.80 11.18
C2 20.00 18.00 15.00 13.00 40.00 46.00 48.0 41.0 1.30 220 3.10 3.62
T1 21.20 20.00 19.00 18.20 42.00 45.00 47.0 43.0 260 420 5.68 6.66
T2 21.32 20.80 20.18 19.30 42.00 48.00 52.0 460 280 476 590 6.90
T3 19.00 18.50 16.00 14.00 40.00 45.00 49.0 40.0 230 3.12 382 432
T4 20.26 19.50 18.60 14.40 40.00 46.00 51.0 420 240 320 390 434
LSD 0.5559 0.6232 0.3186 0.4698 0.0210 0.7458 0.278 0.209 0.2201 0.2660 0.6021 0.5210

Rheological Properties
Syneresis

Measurement of whey syneresis was carried
out after 2 hrs drainage. Separation of whey
increased by decreasing the fat content in
yoghurt but yoghurt containing fat replacers
(Dairy Lo or Maltrin) significantly reduced
whey syneresis compared with nonfat yoghurt
without additives (C2). Whey syneresis
decreased with increasing the percentage of fat
replacers during the storage period (Table 4).
These results might be due to increasing the
water holding capacity by fat replacers in the
resultant yoghurt. Separation of whey (syneresis)
from all yoghurt treatments decreased gradually
as storage period progressed. These results agree
with (Hussein et al., 2004; Radi et al., 2009;
Nikoofar et al., 2013).

On the other hand, Maltrin showed higher
effect on reduction of yoghurt syneresis than
Dairy Lo. Tubasanli (2015), reported that low
fat yoghurt with a carbohydrate-based fat
replacer had a network structure more similar to
full fat yoghurt than samples made with protein-
based fat replacer.

Viscosity of nonfat yoghurt made with fat
replacers (Dairy Lo or Maltrin) is shown in
Table 4. Nonfat yoghurt samples were significantly
less viscous than full fat yoghurt (control) but
the use of fat replacers (Dairy Lo or Maltrin)

significantly increased (P > 0.05) the viscosity
of the resultant yoghurt. The increase of
viscosity was slightly proportional to the rate of
additions. This increase could be attributed to
the water hydration of Dairy Lo or Maltrin.
(Hussein et al., 2004; Radi et al., 2009). Maltrin
treatments had higher viscosity than Dairy Lo
treatments. Viscosity of all treatments increased
gradually when the storage periods progressed,
Tubasanli (2015) compared using both a
carbohydrate-based fat replacer and protein-
based fat replacer in manufacture of low fat
yoghurt and found that low fat yoghurt with a
carbohydrate-based fat replacer had a network
structure more similar to full fat yoghurt than
samples made with protein-based fat replacer.

Sensory evaluation

Scores of organoleptic properties (flavour,
body and texture, appearance, acid taste and
total scores) of nonfat yoghurt without additives
or with added fat replacers (Dairy Lo or Maltrin)
are shown in Table 5. It is evident from these
results that, nonfat yoghurt without additives
(C2) gained the lowest scores for organoleptic
properties. Addition of fat replacers (Dairy Lo
or Maltrin) to nonfat yoghurt improved the
organoleptic properties and this improvement
was proportional to the fat replacers ratio.
Nonfat yoghurt containing Maltrin (0.5% or 1%)
showed similar scores to the full fat yoghurt
(control), but nonfat Dairy Lo treatments at the
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Table 4. Whey syneresis and viscosity of nonfat yoghurt containing fat replacers

Yoghurt Whey syneresis (ml/100 g) Viscosity (Cps)
sample Storage period (day) Storage period (day)
1 3 6 12 1 3 6 12
C1 29.00 25.00 22.00 20.00 5100 5500 5800 5900
C2 37.00 35.00 32.00 30.00 4000 4200 4380 4500
T1 35.00 33.00 30.00 28.50 4200 4380 4450 4600
T2 32.00 31.00 28.00 26.00 4350 4420 4540 4630
T3 31.00 29.00 25.00 24.00 4540 4630 4720 4850
T4 30.00 28.00 23.00 21.50 4600 4710 4830 4920
LSD 0.306 0.021 0.701 0.701 0.021 0.340 0.021 0.021

Table 5. Sensory evaluation of nonfat yoghurt containing fat replacers

Yoghurt  Flavour (45) Body and texture (35) Appearance (10) Acidity (10)  Total score (100)
sample

Storage period Storage period Storage period Storage period Storage period
(day) (day) (day) (day) (day)
1 3 6 12 1 3 6 12 1 3 6 12 1 3 6 12 1 3 6 12
Cl 44 44 43 40 34 34 33 32 9 9 9 8 9 8 7 6 95 94 92 86
C2 35 33 32 30 27 26 24 22 6 6 S5 S5 8 7 6 5 76 73 69 62
T1 38 36 35 33 29 29 28 26 6 6 6 6 8 7 6 S5 8 78 75 70
T2 40 38 36 35 31 30 28 27 7 7 6 6 8 7 6 S5 86 82 76 73
T3 40 40 38 36 30 30 29 28 7 7 7 7 9 8 7 6 8 8 81 77
T4 42 41 40 38 3231 31 30 & 7 7 7 9 8 6 5 9 8 83 80

LSD 03380.027 0.021 0.0210 0.745 0.0210.680 0.0210 NS 0.3380.0210.021 NS 0.0210.021 0.021 0.5250.0360.4120.321
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same rate gained less scores compared with
Maltrin treatments. The scores of all yoghurt
treatments decreased gradually up to the end of
storage period. These results are in agreement
with those reported by Hussein et al. (2004),
Marjan ef al. (2011) and Tubasanli (2015).

From the forgoing result, it could be
recommended to added Maltrin, as fat replacer,
to improve flavour and body and texture of
nonfat yoghurt.
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