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Abstract. Cookie is a popular and well-liked food but is high in calories and low in fiber. Replacing
sugar by artificial sweeteners in cookies is expected to reduce the calorific value of cookies. This
study aimed to evaluate the effect of adding artificial sweeteners on the physical, sensory,
microbiological characteristics, and functional benefits of cookies. A completely randomized
design with sweeteners (stevia and erythritol) and concentrations (0.2%, 0.4%, and 0.5%) was
used. The results showed that stevia and erythritol had significantly affected all test parameters,
except in the mold/yeast parameters of cookies. The adding of stevia and erythritol significantly
decreased L*, a*, b*, hedonic scores, caloric values, dietary fiber contents, total microbial values
but significantly increased hardness and antioxidant capacities (1C50) of final cookies. All sensory
ratings of the sucrose and formulated cookies were >3 points, which demonstrated that stevia and
erythritol can be sugar replacers that can reduce calorie cookies. The findings can guide in the
reformulation of low-calorie, high-fiber, and non-gluten cookies.
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1. Introduction

The demand for healthy food products is increasing rapidly worldwide. Products that are low
in sugar and enriched with dietary fibers are currently popular healthy foods [1]. Several studies
have proven that low-sugar and high-fiber foods can improve metabolic and dental health, reduce
blood sugar and hepatic implantation, and prevent obesity and some degenerative diseases [2—6].
The types of food products that have been widely investigated as low-calorie and high fiber foodis
cookies. This is because cookies are popular to people of all ages and backgrounds, have low
production costs, and have a long shelf life [7]. Nevertheless, cookies are often added with sugar
and wheat flour, so they are high in calories and poor in dietary fibers. Thus, cookies have the
potential to be utilized as a vehicle to boost functional values such as reduce calories, high in
dietary fiberand antioxidants [8,9]. Reducing calories and enriching dietary fiber could be prepared
by replacing sugar with sweeteners and replacing wheat flour with non-wheat flour such as
chickpea, chestnut, sweet potato flour, mocaf flour [7,10,11]. Black glutinous flour could be used
to produce non-gluten cookies which is rich in dietary fibers. According to Hu et al. and Moviana
etal. [12,13], black glutinous rice is a functional ingredient to enrich dietary fiber and antioxidants
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in food products.

Refined sugar is responsible for the sweetness, nutritional value, aromatic flavor, appropriate
hardness, color, and appearance of cookies [14]. Artificial sweeteners and nonnutritive sweeteners
could be used as a substitute for sugar to reduce calorie value while still providing a sweet taste
[15]. Replacing sucrose sugar with sweeteners is an ongoing challenge for researchers and
industries because reformulation must produce cookies with at least the same quality as sucrose
cookies [16]. According to Garrido-Romero etal. [17], there is a tradeoff between functional value
enhancements such as lowering calories and enriching dietary fiber with sensory quality reduction.
The sucrose replacement must be colorless, non-carcinogenic, and odorless [18].

In the food industry, stevia and erythritol are sweeteners that have been widely used,
especially in bakery products, because they are more stable [5,14,19]. Stevia have been consumed
by humans for centuries without any negative effect [20]. Stevia is very beneficial because it is
100% natural, is nonnutritive with zero calories [21], does not affect blood sugar level, is 250-300
times sweeter than table sugar [22,23], is heat stable even at 200°C, is non-fermentable, enhances
flavor, prevents cavities, is nontoxic, and is recommended for diabetes [24]. The daily doses,
acceptable daily intake, and maximum intake value of stevia are 0.18-5.82 g/day, 4 mg/kg, and 2
sachets/3 kali/1 day, respectively [23,25]. Stevia has functional benefits given its anti-diabetic,
anti-obesity, antitumor, antihypertensive, antimicrobial, anticaries, and antioxidant qualities [23].
Erythritol is a nutritive sweetener [24] containing 0.2 kcal/g calories [16,19], used as table-top
sweetener, 60—80 times sweeter than sucrose, suitable for use in bakery and beverage products,
and resistant to acidic and alkaline pH [26]. Erythritol can become the future daily oral care [27]
and is suitable for patients with autism spectrum disorder [28].

Some authors stated that reducing sucrose with artificial sweeteners is not only reduced
calories, but also influence the sensory values, physicochemical quality, and microbiological
characteristics of the final product [29]. [8] found that partial substitution of sucrose with stevia
aqueous extract increased angiotensin-converting enzyme (ACE) and a-amylase inhibitor activity
and antioxidant activity and decreased the energy value, dietary fiber, and level of sensory
acceptance of cookies. The addition of stevia to cookies not only decreases sugar content, caloric
value, and blood sugar level but also reduces the sensory quality of cookies [14,16,30]. Several
studies have evaluated the effect of various types of sweeteners on the quality characteristics of
wheat cookies; however, studies on high-fiber and non-gluten cookies are still limited. Thus, this
study aimed to evaluate the effects of replacing sucrose (35%) with sweeteners (stevia and
erythritol) at various concentration levels (0.2%, 0.4%, and 0.5%) on the physical properties (color
and texture), sensory characteristics (color, aroma, taste, texture, and overall), microbial properties

(total plate count [TPC] and mold/yeast), and functional benefits (calories, antioxidants, and
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dietary fiber) of black glutinous cookies.

2. Materials and methods
2.1. Materials

Black glutinous rice flour (Ketanku), sago flour (Sagu Tani), refined sugar, stevia powder
(Tropicana Slim), Erythritol (Sweetch), margarine (Blueband), and eggs, which are used as raw
materials for cookies, were purchased from traditional markets and online markets. Black
glutinous rice flour and sago flour were in a fine fraction of 80 meshes.

2.2. Processing of black glutinous cookies

Sucrose sugar cookies and six cookies with sugars reduced by stevia and erythritol at three
different concentrations were made. Based on flour weight, stevia and erythritol were used to
replace sugar at concentrations of 0.4 (0.2%), 0.6 (0.4%) and 0.8 g (0.5%), referring to Vatankhah
et al. [14] who added 0.2%-0.4% of stevia to biscuit and Yildiz and Gocmen [31] who stated that
every 8 g of sucrose can be replaced with 0.04 g of stevia powder. The processes in making black
glutinous rice cookies included sifting, weighing of ingredients, mixing of ingredients (mixtures |
and Il), dough making, and baking. In mixture I, sugar, margarine, and eggs were stirred with a
mixer (Philips HR 1505). In the treated cookie formula, sugar was replaced with stevia and
erythritol. In mixture 11 (flour ingredient mixing), black glutinous rice flour and sago flour, which
were previously sifted and weighed, were mixed. The mixed flour (mixture I1) was gradually added
to the mixer bowl containing mixture I and then stirred using a mixer at low speed until evenly
mixed. The dough was molded to the desired shape. The molder cookie dough was baked in an
oven (Oven Toaster KWS1546ALQ-S1, China) at 170°C for 15 min. The ingredients of the
sucrose and formulated cookies are presented in Table 1.

Table 1. Ingredients of the sucrose and formulated cookies with stevia and erythritol

Material Amount of ingredients in each formula (g)

F1 F2 F3 F4 F5 F6 F7
Black glutinous rice flour 62 62 62 62 62 62 62
Sago flour 108 108 108 108 108 108 108
Margarine 125 125 125 125 125 125 125
Eggs 52 52 52 52 52 52 52
Sucrose 60 - - - - - -
Stevia - 0.4 0.6 0.8 - - -
Erythritol - - - - 0.4 0.6 0.8

2.3. Sensory evaluation of black glutinous cookies

In the sensory evaluation of cookie samples of the same size, color, aroma, taste, texture,
and overall attributes were evaluated by 12 trained panelists (10 women and 2 men, aged 20-45
years) who had experience in sensory evaluation of food products. The sensory attributes of the

cookie samples were tested 1 day after baking. Before evaluating the products, the test sample was
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given a random 3-digit code, and the panelist was then instructed verbally not to compare test
samples. This sensory evaluation used hedonic ratings with a 5-point scale, namely, 1, dislike very
much; 2, dislike moderately; 3, neither like nor dislike; 4, like moderately; 5, like very much
[31,32].

2.4. Physical analysis of control and formulated cookies

2.4.1. Color determination

Cookie color was measured using a Chromameter CR 400 (Konica Minolta, Sensing, Inc.,
Sakai, Japan) according to the method of Lang et al. [33]. The instrument was calibrated before
being used for analysis with white and black standards. There were seven cookie formulas for
color analysis. Measurement results in various notation systems were recorded or printed. Color
measurement results in L*, a*, b*. L indicates lightness with values 0 (black) and 100 (white), a*

values indicate green (—a*) to red (+a*) and b* values indicate blue (—b*) to yellow (+b*).

2.4.2. Texture profile analysis

Cookie hardness was evaluated 1 day after baking. Cookie texture analysis referred to the
analytical method of Li et al. [34] which used (TA-TX2i Texture Analyzer, Stable Micro System
Ltd., Godalming, Surrey, UK) with a spherical probe equipment (P/0.25 s, 2.5 mm in diameter).
A total of seven different treatment cookies with the same size were placed in the middle of the
probe and then compressed to 40% the height of the cookies, pre-test speed of 1.50 mm/s, test
speed of 2.00 mm/s, post-test speed of 10.0 mm/s. 3.0 mm of distance and 25-g trigger force. The
hardness value is expressed in Newtons.
2.5. Microbiological analysis of black glutinous cookies

The total microbial test through TPC was conducted referring to the method of SNI ISO
4833-1:2015: Microbiology of food chain-horizontal method for the enumeration of
microorganisms — part 1: colony counting at 30°C using the pouring cup technique (ISO 4833-
1:2013, IDT), whereas the total yeast test used the spread plate method that referred to SNI 1SO
21527-2:2012: Microbiology of food and animal feeding ingredients — horizontal method for the
enumeration of molds and yeast — part 2: Colony counting techniques in products with water
activity less than or equal to 0.95.
2.6. Chemical analysis of black glutinous cookies

Antioxidant activity was measured using the AOAC 2012.04-Antioxidant activity in foods
and beverages, reaction with 2,2'-diphenyl-1-picrylhydrazyl (DPPH). The analysis of total dietary
fiber (TDF) referred to the AOAC 991.43-total, soluble, and insoluble dietary fiber in foods,
enzymatic—gravimetric method, MES-TRIS buffer.
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2.7. Calory calculation of black glutinous cookies

Calories were calculated based on the results of the proximate test, namely, protein, fat, and
carbohydrates in 100 g of sample cookies. The total calories of cookies calculated by the calorific
value per g of protein, fat, and carbohydrates were 4, 9, and 4 kcal, respectively [35] using Eq. (1),
where E = energy value (Kcal/100 g product), f = fat content (g/100 g product), p = protein content
(9/100 g product), and ¢ = carbohydrate content (g/100 g product).

E = (f x 9kcal) + (p x 4 kcal) + (c x 4 kcal) 1)

2.8. Statistical analysis

This study used a completely randomized design with a combination of types of sweeteners
and concentration levels (0.2%, 0.4%, and 0.5%). The experiment was conducted four times. All
data were analyzed by one-way analysis of variance (ANOVA) at the level of p < 0.05 using IBM
SPSS Statistics version 21.0 for windows (IBM Corp., Armonk, NY, USA). If the ANOVA results
were significant, Duncan’s multiple range comparison test was used to distinguish treatment

averages.

3. Results and Discussion

3.1. Physical properties of black glutinous cookies

3.1.1. Texture Assessment

Hardness is a textural property that significantly attracts attention in sensory evaluation of
baked products which is closely related to human perception [36]. The results of texture profile
analysis for sucrose cookies, stevia cookies and erythritol at different concentration levels are
presented in Table 2. Analysis of variance showed that the addition of different sweetener types
and concentration combinations showed a significant effect on the hardness of cookies compared
to sucrose (p<0.05). Table 2 showed that the two different types of sweeteners (stevia and
erythritol) at different concentrations led to increase the hardness of cookies. As shown in Table
2, the minimum hardness value was found in sucrose cookies (291.90 N), followed by stevia
cookies (369.15-722.40 N), then erythritol cookies (671.55-887.85 N).

These data were similar to the study of Yildiz & Gocmen [31], Yazdi et al. [37] Yoo & Hong
[38] who found that stevia and also erythritol can increase the hardness of cookies. Replacement
of sucrose by sweeteners decreased the volume of biscuits and increased the bulk density which
correlates with an increase in the hardness value of the product [14,30]. According to Woodbury
etal. [16], alternative sweeteners (truvia and erythritol) had lower starch gelatinization temperature
(Tgel), pasting properties and swelling capacities than sucrose, thus affecting baking performance
which results in an increase in cookie hardness values. According to Vatankhah et al. [14],

increased stevioside in the biscuit formulation lowered the sucrose sugar content in the dough
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causing earlier gelatinization of starch during baking, thereby limiting biscuit volume expansion.
The research of Gong et al. [39] stated that cookies formulated with erythritol had the highest
hardness in all test samples because erythritol had a low solubility level and had a higher tendency
to crystallize. Cookies with erythritol sweeteners had a lower aeration matrix than sucrose cookies,
resulting in a hard texture [40].

Table 2. The average values and standard deviations for the hardness and color of sucrose and
formulated cookies with stevia and erythritol

Treatments Level concentration ~ Hardness (N) Color
(%) L* a* b*
Sucrose 35 291.90+9.10° 43.02+7.22° 2.38+0.89° 14.21+0.89°
Stevia 0.2 369.15+10.95°  40.04+3.18% 0.75+0.62° 8.65+0.89°
0.4 601.60+0.70° 39.65+0.24% 0.66+0.02° 7.75+0.16%
0.5 722.40+7.63%  33.65+5.33%¢ 0.59+0.26° 7.43+0.07"
Erythritol 0.2 671.55+4.60° 33.30+0.99 0.84+0.22° 7.03+0.28%
0.4 781.05+7.42f 29.20+2.16" 0.54+0.11° 6.45+0.44%
05 887.85+0.219 30.47+2.05° 0.51+0.28° 5.75+0.13¢

In each same column, values with different superscript letter are significantly different (p<0.05)
3.1.2.Color Assessment

Color is an important parameter that can arouse consumer appetite for the product as well as
being an indicator of the roasting process [41]. Positive L* values indicated brightness and
negative L* values indicated darkness, positive a* and b* values indicated redness and yellowness,
and negative a and b* values indicated greenness and blueness [39]. The color parameters of the
sucrose, stevia and erythritol with various level of concentration cookies were presented in Table
2. The analysis of variance (p < 0.05) revealed the significant effect of all independent variables
(type and concentration of sweetener) on the color parameters (L*, a*, and b* chromaticity
coordinates). As is obvious from Table 2, replacing sucrose with erythritol significantly decreased
L*, a*, and b*. Stevia only significantly decreased a* and b*, but it didn't significantly affect the
L* value. Stevia cookies had an L* value (33.65-40.04) which was not significantly different from
the L* value of sucrose cookies (43.02), while the a* and b* values of final stevia cookies
(a*=0.59-0.75; b*=7.43-8.65) was significantly lower than the sucrose (a*= 2.38; b*=14.21).
Likewise, the replacement of sucrose by erythritol had L*, a*, and b* values of final cookies (L*=
33.30-33.47, a*= 0.51-0.84, and b*= 5.75-7.03) which were significantly lower than with sucrose
cookies (L*= 43.02, a*= 2.38, b*= 14.21). Stevia and erythritol cookies were less lightness, less
reddish and less yellowish compared to sucrose cookies.

Several authors found different results that sugar substitution by artificial sweeteners
influenced the color parameters of cookies by increasing the L* value and decreasing the a* and
b* values. The study of Yazdi et al. [37] stated that the substitution of sucrose with stevia
significantly increased the L* value, and significantly decreased the a* and b* values of cookies.

Research by Gong et al. [39] stated that the lightness (L*) of cookies erythritol was significantly
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higher than sucrose, but the a* and b* values of were not significantly different. Based on research
by Rao et al. and Vatankhah et al. [14,42], sucrose cookies have a low L* value, which was
correlated with the fact that sucrose played a reducing sugar in providing golden brown color to
cookies through a non-enzymatic browning reaction (Maillard reaction). The process of adding
sweeteners decreased the amount of total reduced sugar which led to reduce the formation of brown
color in the Maillard reaction which would increase the brightness parameter in cookies with
sweeteners. Based on research findings of Yazdi et al. [37] and Gong et al. [39], an increase in the
L* value in stevia and erythritol cookies is due to the sweetener not containing reducing sugar, so
it is not involved in the Maillard reaction during baking. This condition resulted in the formation
of a weak brown color thus increasing the L* value of stevia and erythritol cookies with a lighter
color than the sucrose cookies.

In this study, the addition of stevia and erythritol sweeteners to black glutinous rice cookies
showed the opposite result which significantly lowered the L*, a* and b* values. Our findings
were similar to Hajas et al. [41] who developed cookies from green lentil flour with the addition
of xylitol showed a decrease in all parameters L*, a* and b*. Hajas et al. [41] stated that the
Maillard reaction hypothesis which leads to a darker color has a good role in cereal raw materials
but is limited to green lentil raw materials. This hypothesis may also be limited to the black
glutinous rice raw material used in this study. In addition, the authors found that the use of 35%
of refined sugar in the control black glutinous rice cookie formula caused the dough color and
cookie color to be lighter than the stevia and erythritol cookie dough. The differences in the values
of the color parameters observed in this study may also be due to differences in the formulas and
processing processes besides the raw materials.

Table 3. Means and standard deviation of hedonic ratings on the sensory attributes of the sucrose
and formulated cookies with stevia and erythritol.

Level Hedonic ratings
Treatment conce(g;ir)atlon Color Aroma Taste Texture Overall
Sucrose 35 3.07+0.47¢ 4.73+0.49*  453+0.52% 4.60+0.512 4.67+0.49?
Stevia 0.2 4.20+0.41°  4.07+0.60° 3.53+0.64  3.73+0.70° 3.93+0.70%
0.4 4.67+0.49° 4.20+0.49° 3.67+0.49  3.67+0.62°  4.27+0.70%®
0.5 4.73+0.46° 4.33+0.52®  3.87+0.64° 3.53+0.52°  4.33+0.49%
Erythritol 0.2 4.40+0.51®  4.33+0.49%  3.20+0.68° 3.60+0.63° 3.67+0.62°¢
0.4 4.53+0.52®  4.40+0.51® 3.53+0.52°© 3.53+0.64°  4.00+0.54
0.5 4.67+0.49? 4.40+0.51®  3.80+0.68° 3.47+0.62°  4.27+0.46®

In each same column, values with different superscript letters are significantly different (p < 0.05). Hedonic ratings
are: 1, dislike very much; 2, dislike moderately; 3, neither like nor dislike; 4, like moderately; 5, like very much.

3.2. Sensory characteristics of black glutinous cookies
Sensory characteristics are critical aspects that must be considered because they affect the
success of products in the market [43]. Products with good sensory characteristics tend to be liked

by consumers who will likely order these products again. The hedonic scores of the sucrose, stevia,
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and erythritol cookies are presented in Table 3.

F F F F F F F

Fig. 1. Appearance of black glutinous cookies with different formulations, namely, (F1) sucrose
as control, (F2) 0.2% of stevia, (F3) 0.4% of stevia, (F4) 0.5% of stevia, (F5) 0.2% of
erythritol, (F6) 0.4% of erythritol, and (F7) 0.5% of erythritol.

The ANOVA (p < 0.05) illustrated the effect of the combination of the types and
concentrations of sweeteners on the sensory attributes tested. The addition of sweeteners at
different concentrations significantly affected all sensory attributes tested, namely, aroma, color,
taste, texture, and overall cookies. Sucrose cookies showed a higher acceptance score for almost
all sensory attributes tested (aroma, 4.73; taste, 4.53; texture, 4.60; and overall, 4.67), followed by
cookies added with stevia at different concentration levels (aroma, 4.07-4.33; taste, 3.53-3.87;
texture, 3.53-4.73; and overall, 3.93—4.33) and then erythritol cookies at different concentration
levels (aroma, 4.33-4.40; taste, 3.20-3.80; texture, 3.47-3.60; and overall, 3.67-4.27). However,
cookies with refined sucrose sugar had a lower sensory assessment score on the color attribute
(color, 3.07), followed by erythritol cookies (color, 4.40-4.67), and stevia cookies (color, 4.20—
4.73). Sucrose cookies with sucrose were identified by 17% of the panelists as having a browner
color, which indicated the product was overbaked. The appearance of the sucrose and formulated
cookies is presented in Fig. 1.

In general, the addition of stevia and erythritol sweeteners was found have reduced level of
acceptance by the panelists. These results were similar to those of Aggarwal et al. [4], Rana et al.
[30], and Pranyusha et al. [9] who stated that the addition of stevia reduced the sensory acceptance
score of biscuits/cookies and those of Laguna et al. [40] who stated that the addition of erythritol
decreased the customer’s acceptance of cookies. The authors attributed the sensory loss to the lack
of sweetness and an aftertaste of bitterness that reduced the panelist’s acceptance of the final
cookies. According to Salazar et al. [8], cookies substituted by stevia at 75% and 100% (sugar
base) had lower sensory acceptance scores because they are considered hard, bland, not very sweet,
and slightly bitter. The substitution of sugar with stevia has led to a bitter and unpleasant flavor
[44,45]. According to Rana et al. [30], replacing sugar by artificial sweeteners reduced the desired

flavors of bakery products. Products added with stevia had a less favorable perception in terms of
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taste [46]. This finding was in accordance with our researcher’s comments, i.e., cookies with stevia
and erythritol sweeteners had a less strong baking aroma, less sweet taste, grittier, and slightly
harder texture; however, the panelists did not find bitterness in stevia cookies.
3.3. Microbiology characteristics of black glutinous cookies

The microbiological characteristics of cookie products were analyzed objectively to study
the quality of a product [47]. The microbiological qualities of the cookies tested were total
microbes and total mold/yeast. Microbiological quality and functional benefits were evaluated in
three cookie products, namely, sucrose cookies, stevia cookies, and erythritol cookies, which were
the most preferred based on the sensory evaluation results. The results of total microbial
measurements (TPC) and total yeast/molds on sucrose cookies, 0.5% stevia cookies, and 0.5%
erythritol cookies are presented in Table 4.

Table 4. Microbiological characteristics of the sucrose and stevia and erythritol cookies

Parameter Samples of cookies

Sucrose 0.5% Stevia 0.5% Erythritol
Total plate count (CFU/g) (1.9 x 10?2 (8.0x10Y)¢ (1.5x10%°
Total mold and yeast count (CFU/Q) <10? <10? <10?

*In each same row, values with different superscript letters are significantly different (p < 0.05)

The microbiological quality characteristics of cookie samples were evaluated <24 h after
baking. Based on the ANOVA, substituting sucrose with artificial sweeteners (stevia and
erythritol) at a concentration of 0.5% significantly affected the TPC but not the measurements of
molds and yeast. The highest total microbial value was found in sucrose cookies (1.9 x 102 CFU/qg),
followed by erythritol cookies (1.5 x 10> CFU/g) and stevia cookies (8 x 10' CFU/g), and the
number of yeast molds in the three cookie samples (sucrose, 0.5% stevia, and 0.5% erythritol
cookies) was <10 CFU/qg.

These findings are consistent with those of a previous study [47], which stated that cookies
added with sweeteners (xylitol) had the lowest total microbes than other samples. Cookies added
with xylitol have a long shelf life. Xylitol is considered to play the same role as calcium propionate,
which is commonly used as an antimicrobial agent in bakeries because the ability of
microorganisms to metabolize xylitol is somewhat rare compared with those of microorganisms
that utilize hexose (sucrose). The decrease in the number of microbes in stevia and erythritol
cookies was thought to be due to their ability to inhibit bacterial growth. Several authors have
stated that erythritol can inhibit the growth of two bacteria causing periodontal disease associated
bacteria, namely, Porphyromonas gulae and P. macacae [27], Clostridium histolyticum,
Bacteroides vulgatus, and Bifidobacterium longum, and two strains each of Clostridium bolteae
and difficile that have been associated with the development of autism spectrum disorder [28].
Meanwhile, stevia was reported to have the ability to inhibit the growth of Enterococcus faecalis,

Staphylococcus aureus, Bacteroides thetaiotaomicron [48], Lactobacillus reuteri [49], and
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Escherichia coli [50]. The difference in results may be also related to the different initial microbial
counts in the materials used.

3.4. Chemical properties of black glutinous cookies

3.4.1.Dietary fiber content of black glutinous cookies

Over the last few decades, dietary fiber has received attention because of its proven health
benefits [51]. To maintain health, especially the digestive tract, dietary fiber was recommended to
be added in the diet [52]. The results of the dietary fiber parameter test for the sucrose and
sweetener cookies (stevia and erythritol) at a concentration level of 0.5% are presented in Table 5.

Table 5. Total dietary fiber, antioxidant activity, and calorie of sucrose and cookies formulated
with stevia and erythritol.

Average Measurement Results

Parameter . .
Sucrose 0.5% Stevia 0.5% Erythritol
Total dietary fiber (%) 5.9040.13¢ 4.67+0.08° 4.42+0.10°
Antioxidant capacity (ICso pg/mL) 37.95+0.01° 53.73+13.42° 42.05+0.05°
Calorie (kcal) 562.65+0.83% 547.99+1.14° 554.55+0.65"

In each same raw, values with different superscript letters are significantly different (p < 0.05)

Based on the ANOVA (p < 0.05), the addition of stevia and erythritol at a concentration of
0.5% significantly affected the dietary fiber content of the final cookies. Based on Table 5, the
addition of stevia and erythritol significantly reduced the dietary fiber content. The highest dietary
fiber was found in sucrose cookies (5.90%), followed by stevia cookies (4.67%) and erythritol
cookies (4.42%). In Indonesia, the recommended dietary fiber intake for the general population is
30 g per day [53]. These levels represent 13%—20% of the daily intake recommended for adults by
the Republic of Indonesia Ministry of Health.

The results of this study were in line with those of a previous study [8] stating that the
replacement of sucrose with 50% stevia reduced the dietary fiber content. This study didn’t explain
However, Handa et al. [54], Hajas et al. [41] and Yildiz and Gocmen [31] stated that the
substitution of sucrose with sweeteners including fructo-oligosaccharides (FOS), inulin, and stevia
increased the dietary fiber content of cookies because FOS and inulin are soluble dietary fiber, so
they can increase the TDF content of food products. Yildiz and Gocmen [31] also stated that stevia
had an adjuvant effect on increasing the dietary fiber content of the final products. The difference
in these findings is perhaps related to the different materials used as raw materials, i.e., black
glutinous rice, which was reported to have quite high dietary fiber content (6.54%). Other

differences may be attributed to the added materials, formulas, and processing conditions.

3.4.2. Antioxidant capacity of black glutinous cookies

Antioxidants are important substances found in vegetables and fruits, which increase the
functional values of food products [55]. Antioxidants play important roles in counteracting free

radicals and provide a defense mechanism against oxidative stress [56]. The antioxidant capacities
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of sucrose cookies as a sucrose, 0.5% stevia, and 0.5% erythritol cookies are presented in Table 5.
Based on the ANOVA, substituting sucrose with sweeteners (stevia and erythritol) at a
concentration of 0.5% significantly affect (p < 0.05) on increasing the antioxidant capacity of
cookies. The highest antioxidant capacity was observed in 0.5% stevia cookies (53.73 pg/mL),
followed by 0.5% erythritol cookies (42.05 pg/mL) and sucrose sucrose cookies (37.95 pg/mL).

Our findings were in accordance to those of a previous study [38], revealing that stevia
cookies had high antioxidant activities because stevia contains phenols. Stevia has an antioxidant
property [57]. Stevia leaf water extract has an ICso value as a DPPH radical scavenger of 83.45
ug/mL [58]. Erythritol has been shown to act as an antioxidant [59,60] and an excellent HO*
radical scavenger, is very good at inhibiting 2,20-azo-bis-2-amidinopropane dihydrochloride-
induced hemolysis [61], and counters oxidative stress [62]. Scrob et al. [63] stated that lingonberry
jam added with stevia had the highest antioxidant stability, total phenolic content, and total
anthocyanin content, followed by lingonberry jam with sucrose and lingonberry jam with
erythritol. The difference in these findings may be due to the different materials added, formulas,
and processing conditions.
3.5. Calorie of black glutinous cookies

Calorie intake is very important for health. Calories in food supply the energy that the body
needs to sustain life. Excess or less energy intake can affect the level of health [64]; thus, a balance
is needed. Changes in the calorific value of sucrose, 0.5% stevia, and 0.5% erythritol cookies are
presented in Table 5. The ANOVA results showed that the addition of 0.5% of stevia and erythritol
reduced the calorie levels significantly (p < 0.05) compared with that of sucrose cookies. In Error!
Reference source not found. the highest calorie value was found in sucrose cookies with sucrose
sugar (562.65 kcal), followed by erythritol cookies (554.55 kcal) and stevia cookies (547.99 kcal).
These results were similar to those of Vatankhah et al. [14] who stated that substituting sucrose
with 100% stevia reduced 15% of calories, which was related to the absence of sugar in the cookie
recipe. Our findings were also in accordance with the results of Rana et al. [30] who stated that
replacing 50% fat and sugar with 3 g of polydextrose and 5 mL of 2.5% stevia solution reduced
12.59% of cookie calories. This decrease in calories was also possible due to differences in the
caloric value of the sweeteners used, namely, sucrose (3.9kcal/g), erythritol (0.2 kcal/g), and stevia
(0 kcal/g) [16].

4. Conclusions

These findings showed that replacing sucrose withstevia and erythritol has a significant
effect oon all test parameters, except the mold/yeast parameters. The replacing sucrose with stevia

and erythritol in the cookie recipe significantly increased color hedonic score, hardness, and the
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antioxidant capacities of the final cookies, but tended to reduce L*, a*, b* values, the hedonic
scores (taste, aroma, texture, and overall), and dietary fiber contents of final cookies. The
functional benefits such as the antioxidant capacities the caloric values and microbial characteristic
qualities of of stevia and erythritol cookies were (better than sucrose cookies. Based on this
research, all sensory ratings of stevia and erythritol cookies were above 3 points. Therefore, these
results demonstrated that stevia and erythritol can be alternative sugar replacers that can improve
functional benefit by reducing calorie values and enriching antioxidant cookies that were still

preferred by panelists.
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