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Abstract

This work determined the effects of inulin level and baking conditions on the textural properties of sugar-free
brownies using inulin, and identified the most suitable low-calorie sweetener to use in the brownies by
comparing ground stevia leaf, sucralose, and a mixture of the two. Brownies were prepared with varying levels
of inulin (0, 62.5, and 125 g), baking times (20, 25, and 30 min), and baking temperatures (170, 180, and 190°C).
The textural properties of the brownies made with 62.5 g of inulin, baking times of 20 and 25 min, and baking
temperatures of 180 and 190°C were similar to those of the control sample (conventional brownie). Therefore,
these baking times and temperatures were used to prepare the brownies for subsequent experiments. Ground
stevia leaf (10 g), sucralose (0.42 g), and a mixture of both sweeteners (5 g of stevia and 0.21 g of sucralose)
were added to the selected brownie formulas. The brownies obtained using 0.42 g of sucralose and 62.5 g of
inulin with 25 min baking time at 180°C gave the highest consumer acceptability (6.10; p < 0.05). The findings
of this work can be further applied to formulate various healthy food and bakery products in the future.
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1. Introduction

Confectionery, snacks, and bakery products such as cakes, brownies, chocolates, and puddings are widely
consumed due to their unique taste and flavor [1]. However, limiting the dietary intake of high-calorie sugars,
such as sucrose, through such products is considered critical due to health awareness and associated health
problems [2]. Nevertheless, the quality characteristics, particularly the textural and sensory properties, of
confectionery products are largely dependent on the amount of added sugar, thus reducing sugar impacts
product acceptability. Therefore, several low-calorie sugar substitutes or artificial sweeteners, including
aspartame, saccharin, cyclamate, sucralose, inulin, and stevia, are increasingly being used to maintain or
improve the texture, sensory attributes, and mouthfeel of confectionery and bakery products [3,4]. Response
surface methodology (RSM) is one of the statistical methods that has been employed for optimizing food
processing and identifying the best conditions for food product development. This technique is used to optimize
many food products such as bakery, extruded products, and gluten-free bread [5].

Inulin is a polysaccharide that is naturally stored in fruits and vegetables. It is a type of dietary fiber
commonly known as fructan. Inulin molecules are composed of multiple fructose units linked by f-(2-1)
fructosyl-fructose bonds, with a glucose moiety at the reducing end [6]. This structure is mostly linear, although
a small number of branched units with f-(2-6) linkages can still be found [7]. In terms of the functional
properties and the health-promoting effects, this sweetener is extensively used for decreasing calories,
increasing dietary fiber, and obtaining prebiotic effects in various food products (both dairy and non-dairy
foods) because it is a bulking agent that can be used as a fat replacement and for textural modification, as well
as for organoleptic improvement [8]. Sucralose is one of the most-consumed artificial sweeteners and is known
as a non-nutritive or low-calorie sweetener. It is also recognized as an organochlorine sweetener and it is a
synthetic trichlorinated disaccharide with the chemical name 1,6-dichloro-1,6-dideoxy-f,d-fructofuranosyl-4-



chloro-4-deoxy-a,d-galactopyranoside [9]. Sucralose provides intense sweetness (it is about 600 times sweeter
than sucrose) with few calories. Thus, it is widely used in beverages, dietary products, drugs, and low-calorie
food products [10]. Stevia (Stevia rebaudiana) is a perennial plant originally found in the southeastern United
States that has become a vital economic crop. Stevia consists of two major sweetening agents, namely stevioside
and rebaudioside. Besides its intense sweetness, the plant also has substantial health and therapeutic benefits,
such as for treating chronic diseases like diabetes and hypertension [11]. The plant has been reported to consist
of abundant phytochemical compounds, including vitamins, phytosterols, triterpenes, essential oil components,
and polyphenols [12]. In the food industry, stevia is used as a sweetener and to increase the nutritional value of
many foods and beverages, such as cookies, juices, and carbonated drinks [13].

The aims of this study were to investigate the effects of inulin on the structural properties of sugar-free
brownies using RSM and to find the most suitable low-calorie sweetener for the developed brownies. This
research was separated into two parts. In the first step, the effects of inulin, baking temperature, and baking time
on the textural properties of the product were evaluated. The best conditions from this part were then used in the
subsequent experiments. Thereafter, the textural properties, color attributes, moisture content, and sensory
qualities of the brownies prepared using different sweeteners (sucralose, ground stevia leaf, and a mixture of the
two) were determined.

2. Materials and methods
2.1 Preparation of brownies

Dark chocolate (175 g) and butter (175 g) were heated in a microwave oven (800 W) for a minute until
melted. The mixture was then whisked for 30 seconds using a hand whisk before adding sucrose (250 g), and
then stirred for another minute. Next, beaten eggs (180 g) were added. All the ingredients were mixed
thoroughly for a minute, then all-purpose flour (115 g) was added and stirred until smooth. The batter was
poured into an aluminum baking tray (16.5 x 24 cm) and baked for 30 min at 190°C. The baked sample was
then used as a control.

2.2 Response surface methodology

The sugar-free brownies were prepared in the same manner except that the sucrose portion was substituted
with either 0, 62.5, and 125 g of inulin and different baking times (20, 25, and 30 min) and temperatures (170,
180, and 190°C). The hardness, springiness, and chewiness of the obtained brownies obtained were evaluated
and compared using a three-factor Box-Behnken design, as shown in Table 1.

A polynomial regression model (non-linear relationship) was used to develop an empirical model for
predicting the hardness of the brownie samples. The model was developed in Minitab 16 as follows:

Y=Po+ X+ X+ ... +BX"+¢€
where Y is a response variable, X is a predictor variable, / is the polynomial degree, and ¢ is a constant.

Table 1 The levels of each factor according to the Box-Behnken design.

Treatment Baking time (min) Temperatures (°C) Inulin (g)
1 20 170 62.5
2 30 170 62.5
3 20 190 62.5
4 30 190 62.5
5 20 180 0
6 30 180 0
7 20 180 125
8 30 180 125
9 25 170 0

10 25 190 0

11 25 170 125

12 25 190 125

13 25 180 62.5

14 20 180 62.5

15 30 180 62.5




To ensure that the sweetness level of the developed brownies atched that of the control brownies, the
sweetness of all formulations was calculated using the Magnitude Estimation method [14]:

desired sweetness (approx. 250) = sweetness intensity X amount used (g)
The amount of sweetener to use was calculated accordingly. The details are shown in Table 2.
2.3 Textural characteristics of brownies
The textural attributes of the brownie samples were determined using a Texture Analyzer (Stable Micro
Systems, Godalming, UK). Compression testing was conducted using a cylindrical probe (P/100) with a test

speed of 45 N/s. The samples were cut into a circular shape, with a height of 2 cm and a diameter of 75 mm.

Table 2 Sweeteners used in the brownies.

Sweetener Sweetness intensity Amount used (g) Desired sweetness
Sucrose (control) 1 250 250
Ground stevia leaf 25 10 250
Sucralose 600 0.42 250
Stevia and sucralose 25 and 600 5and 0.21 250

2.4 Moisture content
The moisture content was measured according to the standard AOAC method [15].
2.5 Color analysis

The color attributes of the brownies were measured using a colorimeter (Miniscan EZ, USA). Color
parameters were L* (0 = black and 100 = white), a* (-a* = greenness and +a* = redness), and b* (-b* = blueness
and +b* = yellowness). A white calibration tile was used to calibrate the colorimeter.

2.6 Sensory evaluation

The evaluation of the sensory characteristics in terms of appearance, sweetness, texture, taste, and overall
acceptability was carried out using a 9-point hedonic scale, where 1 = dislike extremely and 9 = like extremely.
All brownie samples were prepared and then stored at 5°C for 48 h before serving to 30 untrained panelists.

2.7 Statistical analysis

In this study, the means were compared using Duncan’s Multiple Range Tests (DMRT). Analysis of
variance (ANOVA) was used to identify any significant difference between variables. The significance level
was fixed at p < 0.05. The statistical analysis was achieved using Minitab software.

3. Results and discussion
3.1 Regression analysis and response surface plot

The regression analysis showed that the inulin content and the quadratic terms, including Temperature x
Temperature and Inulin x Inulin, significantly affected the hardness of the brownies. Conversely, baking time
showed no significant effect on the hardness (p > 0.05). For the quadratic equation, the correlation between
baking conditions (i.e., baking time, temperature, and inulin content) for predicting the hardness of the brownies
was developed as follows:

Hardness = 24479 — 258.5 Temperature — 45 Time — 9.62 Inulin + 0.668 Temperature X
Temperature — 0.84 Time x Time + 0.02475 Inulin x Inulin + 0.498 Temperature
x Time + 0.0406 Temperature X Inulin — 0.0545 Time X Inulin



In general, parameters with a positive coefficient will have a positive effect on hardness, increasing the
hardness. On the other hand, a factor with a negative coefficient will have a negative effect on the value. Using
the regression equation, the hardness value can be predicted for a particular inulin content, baking time, and
temperature with a regression coefficient of 0.9152. As shown in the surface plot (Figure 1), both inulin content
and baking temperature affect the hardness. The hardness of the control brownies was 17.61 N (target value) so
62.5 g of inulin and baking temperatures of 180 and 190°C with baking times of 20 and 25 min were selected
for the subsequent studies. Because these conditions gave the same hardness as the control (p > 0.05).

3.2 Textural characteristics of brownies

The textural properties of the brownie samples from the first experiment (explained in section 2.2) are shown
in Table 3. The inulin level, baking time, and temperature influenced the hardness, springiness, and chewiness
of the brownie samples. Most of the samples exhibited differences in hardness and chewiness compared to the
control. The baking time did not show any significant effect on the hardness (according to the results of the
regression analysis). However, from analysis of textural properties, the following three formulations resulted in
brownies with texture similar to the control: (1) 62.5 g of inulin, 20 min baking time, and 180°C baking
temperature, (2) 62.5 g of inulin, 25 min baking time, and 180°C baking temperature, and (3) 62.5 g of inulin,
20 min baking time, and 190°C baking temperature.

The textural properties of the brownie samples containing different low-calorie sweeteners are presented in
Table 4. The sweetener (sucralose, stevia, and the mixture of stevia and sucralose), baking time, and baking
temperature affected the texture of the brownies. Nevertheless, the hardness (27.7 to 28.0 N) and chewiness (9.7
to 10.7 Nxmm) of the brownie samples that were made from (1) sucralose and inulin, with a baking time of 20
min and baking temperature of 190°C and (2) sucralose and inulin, with baking time of 25 min and temperature
of 180°C were not significantly different from those of the control (» > 0.05; hardness = 23.0 N ; chewiness =
6.2 Nxmm; Table 4). Notably, sucralose and inulin tended to give brownies with a softer texture compared to
those made using stevia and inulin (p < 0.05). The same observation was also reported in a previous study [16],
where the authors found that the sugar-free reduced-fat dairy dessert prepared using a combination of sucralose
and inulin showed lower hardness than the sample formulated using stevia alone or stevia combined with inulin.
This was attributed to the presence of stevia and inulin improving the network structure of starchy foods. On the
other hand, the presence of sucralose could cause a weakening of the starch network and an increase of syneresis
in some food products.
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Figure 1 Surface plot illustrating the effect of temperature and inulin level on the hardness of the brownies.



Table 3 Textural parameters of the brownies prepared using different inulin levels, baking times, and

temperatures.

Inulin (g) Time (min) Temperatures (°C)  Hardness (N) Springiness Chewiness (Nxmm)

0 20 180 183.84+2.60° 0.73+0.12°f 82.06+2.021
30 180 189.71£2.30¢f 0.48+0.092 59.81+1.42¢f
25 170 324.82+2.83¢ 0.76£0.12% 163.69+1.35"
25 190 176.68+1.65%f 0.80+0.14# 90.41+9.26¢

62.5 20 170 123.8144.50%¢  0.51+0.13%¢ 34.95+3.29bede
30 170 91.36+4.96%¢  0.64+0.19b¢dct 29.55+2.592bcd
20 190 54.20+1.86%¢  0.52+0.18% 14.64+5.47%
30 190 121.2543.67°¢  (.68+0.08%" 47.78+17.76%%
25 180 23.36+1.44% 0.54+0.13%b<d 3.0242.46%
20 180 78.25+1.86%¢  0.49+0.06% 20.34+1.092¢
30 180 125.97£1.45%¢  0.54+0.06% 24.32+].45%¢

125 20 180 99.4942.40%4  (.55+0.092d 19.63+5.332b¢
30 180 37.23+0.22% 0.66+0.11¢defe 11.4242.46®
25 170 246.24+0.34" 0.59+£0.342bede 79.98+4.39%
25 190 193.85+4.40C  0.59+0.03¢0cde 54.44+13.229f

Control 17.61+5.65* 0.59+0.053bcede 5.21+1.11%

All values are means + standard deviation. *"Means with the same superscript letters within a column are not significantly different at
p=< 0.05.

Table 4 Textural properties of brownies prepared with ground stevia leaf, sucralose, and both.

Sweetener Time Temperature  Textural properties
(min) (°C) Hardness (N)  Springiness  Chewiness (Nxmm)
Stevia 20 180 163.7+1.1°¢ 0.63+0.01%° 24.6+1.2%
20 190 166.8+4.3¢ 0.67+0.13% 59.9+1.0°
25 180 206.8+1.9¢ 0.68+0.22% 85.6+3.4%
Sucralose 20 180 86.8+1.8° 0.77+0.14< 39.8+7.3°
20 190 27.7+4.7° 0.70+0.20b¢ 9.7+3.6*
25 180 28.0+9.3? 0.78+0.11¢ 10.7+1.6%
Stevia and sucralose 20 180 219.4+4 4°¢ 0.67+0.04° 102.4+12.1¢
20 190 117.8+1.7% 0.55+0.192 41.9+4.2¢
25 180 206.9+5.8° 0.68+0.04% 71.8+5.0°
Control 23.0+3.32 0.56+0.05* 6.2+0.22

All values are means + standard deviation. **Means with the same superscript letters within a column are not significantly different at
p <0.05.

3.3 Moisture content

The results showed that the sweeteners used in this study had a considerable effect on the moisture content
of the product (Table 5): all the brownies prepared using sweeteners exhibited higher moisture content
compared to the control (p < 0.05). The increase in the moisture content when using sweetener could be due to
the higher moisture in the sweetener compared to the lesser sugar contained in the control [17]. The findings
were also in line with the data reported in the literature [18], whereby cookies made with different sweeteners
(maple syrup, xylitol, corn syrup, and honey) showed differences in moisture content. These differences may
impact the textural or sensory characteristics as well as the month-feel of the samples.



Table 5 Physical properties of brownies prepared with stevia leaf, sucralose, and both.

Sweetener Time Temperature Moisture content Color parameters

(min)  (°C) (%) L* a* b*

20 180 14.69+0.35% 34.78+0.05° 9.34+0.03% 9.44+0.014
Stevia 20 190 20.97£1.63¢ 31.2142.22% 8.89+1.90 9.30+2.75¢

25 180 16.25+0.71% 40.59+1.99* 10.49+1.34°  16.00+1.87°
Sucralose 20 180 19.59+0.46% 11.08+0.19¢ 25.88+0.36*  19.10+0.33%

20 190 20.12+0.444 30.13+2.39% 9.81+0.60% 8.98+0.424

25 180 16.64+1.62°¢ 41.78+0.86* 10.25+0.22° 9.91+0.36¢
Stevia and 20 180 15.13+0.874¢ 34.60+0.94° 8.69+0.90 8.66+0.95¢
sucralose 20 190 19.14+0.83¢ 32.30+0.10% 9.41+0.01% 9.85+0.69¢

25 180 18.72+0.29¢ 33.62£1.62° 6.07+0.14° 4.67+0.24°¢
Control 13.68+0.58* 39.80+1.85* 11.25+1.83°  14.41+0.45¢

All values are means + standard deviation. *°“Means with the same superscript letters within a column are not significantly different at
p <0.05.

3.4 Color attributes

The sweeteners used in this study significantly affected all color parameters (Table 5). The lightness, redness,
and blueness of the brownie samples were noticeably decreased with the sweeteners (p < 0.05). Akesowan [19]
also reported that the lightness of reduced-fat chiffon cakes decreased with increasing erythritol-sucralose
content. In addition, Khattab et al. [20] also found that the a* and b* color values of a shortened cake were
reduced with increasing levels of steviolbioside, a sweetening agent found in stevia. These results were
attributed to the Maillard reaction, which is a reaction between amino acids (especially L-amino acids lysine,
glycine, tryptophan, and tyrosine), sugars, and heat.

3.5 Sensory characteristics

The sensory scores for the brownie samples are presented in Table 6. The highest sensory scores for all
terms were found in the control sample (p < 0.05). Generally, sensory properties are affected by various product
characteristics, including the color of the product and the textural qualities [17]. Nevertheless, the brownie
sample made with sucralose and inulin, with a baking time of 25 min at 180°C, had the highest overall
acceptability (6.10) among the brownie samples except the control (p < 0.05). This could be attributed to better
scores in other sensory terms, such as appearance (6.47) and texture (6.10) (p < 0.05). Additionally, the other
textural properties of the samples, hardness and chewiness, did not differ significantly from those of the control
sample (p < 0.05).

Table 6 Sensory attributes of the developed brownies.

Sweetener  Time Temperature Sensory scores
(min) (&(®) Appearance  Sweetness  Texture Taste Overall
Stevia 20 180 5.7+1.8° 4.4+2.0%° 4.5£1.7%  4.4+1.9*  4.5+]1.7%®
20 190 5.6+1.7° 3.941.6% 4.541.7%  4.4+41.9¢0  4.5+]1.6%
25 180 4.2+1.7* 3.6+1.5% 5.0+1.8°  3.9+1.9® 4.5+]1.8®
Sucralose 20 180 6.1+1.8° 5.8+1.9¢ 4.2+1.6* 3.3+1.6* 3.8+1.6%
20 190 6.0+1.7° 5.8+1.7¢ 3.6+1.82 6.3£1.7°  6.0+1.8°
25 180 6.5+1.3b° 5.3+1.8% 6.1+£1.3¢ 6.1£1.7° 6.1+1.7¢
Stevia and 20 180 6.0+1.7° 4.2+1.6® 5.1+1.6° 5.6+1.8° 5.9+1.7°
sucralose 20 190 5.9+1.5° 4.8+1.9% 4.8£1.2% 42+1.6® 4.6+1.7%
25 180 4.7£2.0* 3.9+£1.9% 4.5£1.9* 4.6£1.6* 5.0£1.3¢
Control 7.1£0.7¢ 6.2+1.9¢ 6.2+1.4¢ 7.1+1.0¢ 6.4+1.0°¢

All values are means + standard deviation. *°“Means with the same superscript letters within a column are not significantly different at
p <0.05.



4. Conclusion

In the first experiment, a quadratic equation was developed for predicting the hardness of the brownie
samples. The model suggested that the formulations containing 62.5 g of inulin with baking times of 20 and 25
min and baking temperatures of 180 and 190°C would give the optimal sugar-free brownies. After the second
experiments, it was found that two sets of brownies, namely those formulated with (1) sucralose and inulin,
baked at 190°C for 20 min and (2) sucralose and inulin, baked at 180°C for 25 min, had similar textural
properties to those of the control. In addition, sucralose, ground stevia leaf, and both considerably affected the
moisture content, color attributes, and textural properties of the samples. Among all the brownie formulations,
the brownies prepared using sucralose and inulin, with a baking time of 25 min at a baking temperature of
180°C gave the highest overall acceptability score (6.10). Thus, it can be concluded that inulin combined with
sucralose is the most appropriate combination for making sugar-free brownies.
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