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Abstract

Introduction: Increasing diet-linked diseases and following that the consumers ongoing desire for healthier foods
makes reduced-fat products of outstanding importance in the food industry. This study aims to reduce the fat content of
sauces as a traditional condiment through the incorporation of air bubbles in the oil phase. Response surface
methodology (RSM) was used for identifying the effect of aeration process variables on foam properties. However, the
main challenge of reduced-fat foods is to ensure their acceptability. Recently fat taste has been introduced as a sixth
basic taste. Fatty acids have been considered as the stimulus for this taste. So, linoleic acid as the stimulus for fat
perception was added to the formulation to develop a product that tastes almost like full-fat versions but contains less
fat. The advantages of aerated foods over conventional products are clear. Nonetheless, the determination of quality and
sensory parameters during storage, marketing, and consuming is necessary. For this purpose, produced aerated sauces,
along with commercial full- and reduced-fat sauces, were compared by measuring the acidity, pH, oxidative stability,
and sensory properties.

Materials and Methods: Required amounts of mono- and diglyceride (MDG) and oil were mixed. Then
nonaqueous foams were generated by whipping the MDG-oil mixtures. In the optimization study, the effect of MDG
concentrations (2, 6, and 10 wt. %), whipping speed (1100, 3250, and 5400 rpm) and time (5, 15, and 25 min) on foam
properties (overrun and drainage) was analyzed using RSM. The foam obtained from the optimum process condition
was used to produce an aerated reduced-fat sauce. Sauce preparation was performed according to a usual recipe with the
difference that the fat content was replaced by nonaqueous foam. Furthermore, 3.00 mM of linoleic acid as a fat taste
stimulus was added to the formulation. First, an aqueous phase containing ingredients was prepared. Then nonaqueous
foam was progressively incorporated in the aqueous phase. For the purposes of comparison, aerated sauces (0 and 3.00
mM stimulus), along with commercial sauces (zero, low, and full-fat), were analyzed by measuring the pH, acidity,
oxidative stability, and sensory properties.

Results and Discussion: According to the results of the optimization study, the desired foam (overrun > 60 %)
achieved by oil containing 10 wt. % MDG at 3400 rpm for 10 min. Overrun increased progressively with MDG
concentration but decreased slightly above 10 wt. % due to the difficulty of dispersing air bubbles in such a viscous gel.
Considering the effect of whipping speed, and time, it was observed that mixtures reached their maximum volumes
within 25 min. With a further increase in the whipping rate, the time required to achieve the maximum amount of foam
was decreased. However, at high whipping speed (5400 rpm), foam volume decreased rapidly with time, and almost a
lot of foam collapsed. The lowest and highest pH was related to zero and full-fat commercial sauces, respectively. There
was no difference (p>0.05) between the pH of the control and the linoleic acid containing aerated, as well as low-fat
sauces. Over time, as the pH decreases, the acidity of the aerated sauces increased and making the products with
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appropriate microbial stability. Due to the significant reduction of fat amount, oxidation of the aerated sauces was much
slower than the full-fat one (p<0.05). Appearance, taste, and texture characteristics of aerated sauces provided a sensory
profile similar to the full-fat sauce. The aerated sauce containing linoleic acid had higher sensory scores, indicating its
general acceptance.

Conclusions: In this study, nonaqueous foam as a new approach for fat replacement in emulsion-based foods such
as sauces was practically applied. The optimum aeration process conditions were determined by the help of
experimental design. Two types of aerated sauces were prepared based on the linoleic acid concentration, and their
physicochemical and sensory characteristics were compared with commercial sauces. The acidity and pH of the sauces
were in the standard range, and also their oxidative stability was acceptable during storage time. Generally, the aerated
sauce containing linoleic acid had relatively similar sensory profiles to the full-fat sauce. Therefore, it seems that
nonaqueous foam could be used successfully to develop reduced-fat alternative foods, which could also be meet the
consumers' and marketing requirements.
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Table 2-Experiments designed by response surface methodology and calculated responses to investigate the effect of
independent variables on foam properties

Independent variables

Dependent variables (Responces)**

Jime (5o e (Lewly) dunsly gl yuiio

RUN* Surfactant ﬁoncentration Whipping speed Whippiflg time Drainage (mL)

- .(/0) . (rpm) (min) Overrun (%) SR

oI COLS 1, o il (P50 Sy adyen ol (30 93) o> (il 531 RS

(2) (i8> 5 199 (sis) (k)
X1 Xz X3 Yi Y2

1 10 1100 25 61.016 + 1.419 0.333 £ 0.577
2 6 3250 15 52.381 + 0.639 1.666 + 0.577
3 6 3250 15 53.488 + 0.639 2.000 £ 0.577
4 2 3250 15 35.484 £ 2.083 10.000 + 0.577
5 10 3250 15 60.784 + 0.854 0.333 £ 0.577
6 10 1100 5 45.840 +2.931 0.333 £ 0.577
7 6 5400 15 54.819 + 2.166 1.666 £ 0.577
8 6 1100 15 45.920 + 1.462 1.666 £ 0.577
9 6 3250 25 52.750 + 0.639 3.666 + 1.000
10 2 1100 25 34.722 + 2.405 21.000 + 1.000
11 2 5400 5 37.459 + 1.955 4.666 + 0.577
12 6 3250 15 52.381 £ 0.639 1.000 £ 0.577
13 6 3250 5 49.573 +0.740 0.333 £ 0.577
14 2 1100 5 11.584 +2.749 14.666 + 1.000
15 10 5400 25 57.434 +0.905 1.000 + 1.000
16 2 5400 25 26.190 + 0.584 11.000 + 0.577
17 10 5400 15 61.780 + 1.149 0.333 + 0.577

A pSile T jlxe Clymul Jolee od 3ls L (clmosls ** 5 )l cillas by ygesT cad i b lalysl olaud g 039y (Bolat cui 5 *
* The order is random and the number of runs does not match the order of the experiments.

** The data shown are the standard deviation + mean.
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Table 4- Results of analysis of variance and model coefficients fitted to the quadratic regression equation for the overrun

response variable

Predicted sum of Mean
coefficients squares Degree of squared Std CcV
RO ol g Eyooe frefa—dom Ol F-value  p-value Dev-. % ‘
LIRS
oW Ol o Slasyo
Model Jaw 2937.92 9 326.44 58.59 0.0001> 2.36 5.06
Intercept
Il o2 ¢
Bo 53.24
Linear expression
b ole
Surfactant concentration
(B1X1) 14.14 1999.74 1 1999.74 358.90 0.0001>
(B1X1) ColS 8w clals
Whipping speed ($2X2)
(B1X2) (3500 & pov 3.86 148.97 1 148.97 26.74 0.0013
Whipping time (B3X3) 2.59 66.94 1 66.94 12.01 0.0105
(BaX3) 3300 oyloj
Interaction
Jole
Surfactant concentration x
Whipping speed (B12X1X2)
o LS pgu il -0.62 3.10 1 3.10 0.5568 0.4798
(B12Xi1X2) o300
Surfactant concentration x
Whipping time (f13X1X3)
ooy x oS ygas il -0.12 0.1342 1 0.1342 0.0241 0.8811
B13X1Xs) oo o2
Whipping speed x
-6.74 363.50 1 363.50 65.24 0.0001>
Whipping time (f23X>X3)
03508 ploj X (3508 C pu
(B23X2X3)
Quadratic expression
P93 4253 &,le
Surfactant concentration?
(BrX1?) -5.47 80.12 1 80.12 14.38 0.0068
B1X1?) "CZJUSG”M: clals
Whipping speed? (B2:X2?)
(B12X2) " ¢y3 pod s pus -3.23 28.00 1 28.00 5.03 0.0599
Whipping time? (B33X3?)
(BX+) *ab}w ol; -2.44 15.96 1 15.96 2.86 0.1344
Residual error
sailo g3l gt 39.00 7 5.57
Lack of fit
5l 38.19 5 7.64 18.70 0.0515
S0 Nl
Net error JS a5 0.8170 2 0.4085
Sum zos 2976.92 16
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Table 5- Results of analysis of variance and model coefficients fitted to the quadratic regression equation for the
drainage response variable

Predicted
coefficients

sum of
squares

Degree of
freedom

Mean

squared

F-value

p-value

Std.
Dev.

C.V. %

Model Jxo
Interceptlaw ;1 45,
Bo
Linear expression
b O,ls
Surfactant concentration
(BX1)

(B1X1) colis ¥y gw cdals
Whipping speed (B2X2)
(P2X2) 32308 CaS g
Whipping time (BzX3)
03500 (o j(B3X3)
Interaction Jsl&%e
Surfactant concentration
xWhipping speed
(B12X1X2)

Gy X QJL'S@)’» clale
(B12Xi1X2) o300
Surfactant concentration
xWhipping time
(B13X1X3)

Oloj x Cols g clils
(B13Xi1X3) (42502
Whipping speed x
Whipping time (p23X2X3)
Oloj X (2308 i pu
(B23X2X3) (43 50
Quadratic expression
P93 4253 Ols
Surfactant concentration?
(BuiXi?)

BuXi?») "c;dl:flé”.w chle
Whipping speed? ($2:X2?)
(B22X2?) T 3 o s g
Whipping time?
(B33X3?) T 3 300 b0
(B33X32)
Residual error
suilo BL glhs
Lack of fit
oAl pae
Net error
S5 ol
Sum gos

1.34

-5.90

-1.93

1.67

2.58

-1.50

0.08

3.98

0.48

0.81

577.37

348.10

37.38

27.78

53.39

18.00

0.05

42.52

0.62

1.79

13.06

12.55

0.51
590.43

9

1

1

16

64.15

348.10

37.38

27.78

53.39

18.00

0.05

42.52

0.62

1.79

1.78

2.51

0.25

34.37

186.51

20.03

14.88

28.61

9.64

0.02

22.78

0.33

0.9580

9.68

0.0001>

0.0001>

0.0029

0.0062

0.0011

0.0172

0.8679

0.0020

0.5805

0.3603

0.0963

1.37

30.690
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Fig. 2. Interaction of surfactant concentration and whipping speed at 15 minutes (a), surfactant concentration and whipping
time at 3250 rpm (b) and whipping speed and time at 6% surfactant concentration (c) on overrun
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Fig. 3. Interaction of surfactant concentration and whipping speed at 15 minutes (a), surfactant concentration and whipping
time at 3250 rpm (b) and whipping speed and time at 6% surfactant concentration (c) on drainage.
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Table 6- Range of variables and significance coefficient of responses to optimize the foam preparation process by response

surface methodology

Variables Minimum Maximum Coefficient of importance
s o (i yeS e Cuod| u puo
Independent

Boama (5L i
Surfactant concentration (%)
(daoy3) LSS ygus il In range 10 -
Whipping speed (rpm)
(4B 1 19) 3330 € puo In range 1100 5400 -
Whipping time (min)
(diads) cyd300 3loj In range 15 -
Dependent
Overrun (%) Maximum 1158 61.78 i
(w0 ) o2 (i3 ' '
Drainage (mL) Minimum 0.00 21.00 et
() sluo) (iS5 o> ' '

Gl g 9y 4 s 9 Ay (S ki oS Sty p23le -V Jga
Table 7- Predicted values of dependent and independent variables by response surface methodology

Dependent variables (Responses)**

Independent variables (Ewb) Lwsly (51 paiio Residues
JEwo (oW puiio Predicted Measured Loaile SL
0w (3931 39) oty yo 3o s sl yalio
X1 X2 X3 Y1 Y2 Y1 Y2 Y1 Y2
14.09 3466.35 9.80 62.01 + 2.36 0.00+1.36 60.78 + 0.85 0.23 +0.57 -1.23  0.33
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Table 3. PH and acidity of the samples (mean + standard deviation values are reported in each column).

pH Acidity
Sauce Storage (month) Storage (month)
0 1 2 3 0 1 2 3
Aerated
Control 3.76+ 3.74+ 1.27+
2l 3.775+0.021 0.014 3.7550.007 0.028 1.21+0.042 0.056 1.304£0.014 1.33+0.084
Containing 3.765+ 3.710+ 1.20+
linoleic acid 3+ 780£0.056 0.035 3.725+0.049 0.042 1.17+0.070 0113 1.26+0.042 1.35+0.098
Sob>
Sy S gl
Commercial
Free-fat
0% S 3.685£0.049 - - - 1.37+0.084 - - -
3
Low-fat
3.715+0.063 - - - 1.34+0.063 - - -
oS
Full-fat
4.010+0.056 0.92+0.056
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Fig. 4. The amount of peroxide (a) and thiobarbituric acid (b) in aerated sauces (dotted lines) control (®) and containing
linoleic acid (#) and commercial (full lines) free-fat (w), low-fat (4) and full-fat (%) for 7 days.
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