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ABSTRACT

The aim of this paper was to study the possibility of using stevia leaves powder as sugar replacer with substitution ratio
of 10, 20 and30% of sucrose in producing low calorie cake. There was an assessment of the physicochemical and sensory
properties. The substituted sucrose was compensated by indigestive polydextrose. The results affirmed that there was an
increment in the amount of protein, ash and crude fiber and decrement in carbohydrate and energy. The height and specific
volume of cake decreased with the addition of stevia leaf powder. The sensory quality of the 10% stevia leaves powder cake
tested by appearance, taste, color, odor and texture was better than that of the control, and overall acceptability of the cake with

the addition of 10% stevia leaf powder was the best.
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INTRODUCTION

Today consumers are more cautious about low
calorie foods and beverages. Cakes are well accepted all
over the word due to their appropriate organoleptic
properties (Quatromoni et al., 2002). Sucrose is the main
sweetener in cakes. In addition to sweetening power, sucrose
acts as a tenderizer and stabilizer by increasing the egg
protein denaturation and starch gelatinization temperature
(Baeva et al., 2003). However, due to its high levels of
sucrose in cake, some health problems such as obesity
created as the result of over-consumption (Chung et al.,
2009).  Low/noncaloric sweeteners can provide some
expectations for those who want to avoid the debilitating
diseases the debilitating diseases associated with excessive
sugar consumption (Malik et al., 2006). An important class
of low caloric sugar substitutes is known as high intensity
sweetener, this is at least 50 - 100 times sweeter than sucrose
(Gupta et al., 2013). Nowadays, the most common high
intensity sweeteners in the world market are made of
synthetic compounds. A frequent metallic aftertaste of such
synthetic sweeteners does not provide the realistic taste of
sugar as well as some types of synthetic sweeteners such as
saccharin is associated with the potential risk of cancer of
bladder when they are used heavily (Swithers et al., 2009).

Sugar alcohols are some kind of carbohydrates
with slow and incomplete absorption that have been
frequently used to produce reduced-calorie sponge
cakes (Prakash and DuBois, 2008). Therefore, finding
other alternative sweeteners especially from natural
sources would be of a great value in this area. Stevia is a
medical and commercial natural sweetener plant used in
a wide range in the world. Stevia named botanical with
rebaudiana Bertoni. Stevia bush leaves have specific
glycosides that produce sweeteners but do not have
calories value. It is estimated that it is 300 times sweeter
than the sugar. Stevia (Stevia rebaudiana Bertoni) is a
low-calorie plant, because it provides the body with
only 2.7 kcal/g. Biotech companies commercialize the
production of different forms of stevia through tissue
culture and sale of stevia such as freshly leaves, liquids,
and leaf powder (Aswin et al., 2015).

Many researchers (EI-Azab and Bothayna, 1997;
El-Hofi et al., 2004) investigated the effect of utilizing
an admixture of sugar replacers (sorbitol, fructose, and
xylitol) or synthetic sweeteners (aspartame, acesulfame-
k, and saccharine) with sugar on the attributes of the

prepared cakes. the authors revealed that the substitution
of sugar (sucrose) with sugar replacers or sweeteners
with levels more than 25% caused a decrement in
acceptability and the quality of the processed cakes.
Thence, there is an importance of using an appropriate
bulking factor and sweeteners to substitute conventional
sugars in order to enhance the quality attributes of the
cakes (Lin and Lee, 2005). Non-digestible dextrin is
widely used in food production. One of the most
important uses is such as an agent of bulking
(Granstrom and Leisola 2009). This is generated by
enzymatic and heat treatment of cornstarch, causing an
unsystematic distribution of - and a- (1-4), (1-2), (1-6),
and (1-3) bonds with a mean molecular weight about
2,000 Daltons (Ohkuma and Wakabayashi, 2001). The
aim of this paper was to study the possibility to
substitute10, 20 and30% of sucrose with stevia leaves
powder for producing low calorie cake and it would be a
great replacement diet for diabetics.

MATERIALS AND METHODS

1. Materials

The ingredients were wheat flour (72% extraction),
powdered sucrose, butter, vanilla, baking powder, dry milk
powder and fresh whole eggs were obtained from the local
market. Stevia leaves (Stevia rebaudiana) were purchased
from Sugar Crops Research Institute, Agriculture Research
Center, Kafrelshiekh, Egypt.

2. Preparation of stevia leaves powder (SLP):

The field’s samples were cleaned and the green
fresh leaves were allowed to dry using an oven at 60°C
for 16 hrs. Once dried, it was milled, then sieved (60
meshes) and kept in closed plastic bags in the laboratory
until analyzed.

3. Cake preparation

The cake was prepared using the formula of
Bedoya-Perales and Steel (2014) that includes 28grams
of wheat flour (72%), 13.55 grams of eggs, 10 milliliters
of milk, 0.45 gram of baking powders, 0.2 gram of
vanilla, 24 grams of sugar and 24 grams of butter. To
prepare the control cake, the sugar was mixed with
homogenated eggs and butters that containing vanilla
for 20 minutes using standard mixer. Wheat flour and
baking powder were added in small portions and mixed
for five minutes, then baked at 205C for 30minutes. To
prepare the replacer cake, sugar cake formulas (weight
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basis) 10, 20 and 30% of sucrose was replaced with
stevia leaves powder.
4. Proximate composition

Chemical composition of stevia leaves powder and
cake samples (moisture, crude protein, ether extract and ash)
was estimated using A.O.A.C.(2005) methods, where total
carbohydrates were determined using a method as described
by Bamigbola et al. (2016). The total value of calories was
calculated by the equation stated via FAO/ WHO (1974).
Where,

energy(calories) = 4 (carbohydrate + protein) + 9 (fat).
5. Specific gravity and pH :

The specific gravity of the dough is determined by
the weight ratio of the standard container full of dough to the
weight of the container full of the water. The pH of the
dough is estimated by directly dipping the pH meter
electrode into the dough at the room temperature by the
digital pH meter(Jenway, Model 3020).

6. Cakes volume, height, specific volume and
Moisture absorption:

Cakes volume (cm®), height in the center (cm),
specific volume (v/w) and moisture absorption were
conducted according to A.A.A.C (2002) methods and
calculated using the following equation

Submerged weight of cake cub
%Moisture absorption = %100

Original weight of cake cub
7. Crust Color:
Crust color was evaluated regarding the method
suggested by Attia et al. (1993). The crust of the cake
(1g) was extracted with 5 mL acetone (80%) for 24 h at

room temperature and the absorbance of the extract was
measured at 420 nm (S1200, Unico, NJ).
8. Ink print:

Sponginess was determined according to the
methods described by Desai et al. (2010). Sponginess
was performed by ink print texture of cut cake using a
sharp cutter and printing by ink print on white paper
9. Sensory evaluation of cake:

The baked cakes were served to panel of 20 judges.
The panelists were asked to evaluate color, taste, texture,
aroma and overall acceptability on a 1 to 10 hedonic scale as
described by Ahmed et al. (2012). A score 1 being “dislike
extremely” and 10 being “like extremely”.

3. Statistical analysis

The variance of the results was analyzed by
(ANOVA) one way. The SPSS programe (version 16,
2007) was implemented. Tukeys B-test was used to
compare the differences among individual means.

RESULTS AND DISCUSSION

1. Chemical composition of dried stevia leaves
powder

The data given by the chemical analysis of dried
stevia leaves powder showed that moisture, protein, fat, ash,
crude fiber and carbohydrates were 5.21, 12.93, 3.31, 8.74,
16.19, and 58.83%, respectively (Table 1). These results are
in agreement with those reported by Tadhani and Subhash
(2006), Muanda et al. (2011) and Shivanna et al. (2013).
They reported that protein, fat, crude fiber, ash, and
carbohydrates were (8.4 - 19.31%), (2.3 - 6.2%), (13.24 -
19.8%), (7.89 - 13.64%) and (35.2 — 52.8%), in this order.

Table 1. Gross chemical composition of dried stevia leaves powder (%0n dry weight basis).

Component . Crude Ether Crude *Total
(%) Moisture protein extract Ash fiber carbohydrate
Stevia leaves powder 5.21 12.93 3.31 8.74 16.19 58.83

*Total carbohydrates were calculated by difference

Total carbohydrates = 100 — (protein+ ether extract + Ash + crude fiber)

2. Effect of stevia leaves powder on chemical composition
and energy content of low calorie cakes

The chemical composition of prepared cake
regarding crude fiber, crude protein, ash, crude fat, and total
carbohydrate are displayed in Table 2. The results in Table 2
appeared a gradually increasing in cake content of protein,
crude fibre, ash and total carbohydrate as a function for
levels of stevia leaves powder increment until reach to 30%.
The crude fiber, protein, ash and crude fat contents of cake
were gradually increased from12.50 t013.40%, from0.70

t01.85%, from1.20 t01.80% and from24.86 1025.09%
respectively, as a function for increasing the amounts of
stevia leaves powder. Also, data in the same table cleared
that substitution of 10%, 20% or 30% sucrose with stevia
leaves powder reduced gradually total carbohydrates and
energy content of the prepared cakes. The energy decrement
percentages were 8.52%, 9.97% and 11.44% when 10%,
20% and 30% of sucrose was substituted with stevia leaves
powder, respectively. These results agreed with those of
Martinez-Cervera et al. (2012).

Table 2. Chemical composition and energy content of low calorie cakes

Cake samples

Components (%) Control

109% stevia leaves

209% stevia leaves 309 stevia leaves

powder powder powder
Crude fiber 0.7 1.07° 1.46° 1.85°
Crude protein 12.5° 12.78° 13.09° 13.40°
Ash 1.20° 1.41° 1.59° 1.80°
Ether extract 24.86° 24.91° 25.01° 25.09°
Total Carbohydrate 51.74% 49.34° 46.94° 44.54°
Energy (K.cal.)/100g 516.7° 472.67° 465.21° 457.57¢
Energy decrement (%) - 8.52° 9.97° 11.44°

Mean followed by different letters in the same row differs significantly (P<0.05).
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3. Low calorie cake batter physical characteristics:

Data tabulated in Table (3) revealed that there was a
significant influence on cake dough specific gravity as a
result of stevia leaves powder levels increments. Cake
batters prepared with substituting 30% of sucrose with stevia
leaves powder had a higher specific gravity than control and
other treatments. The results indicat that substituting 30% of
sucrose with stevia leaves powder might prevent the
formation air cells with great numbers inside the cakes
batter.

Table 3. Physical properties of low calorie cakes batter

Samples Specific gravity (cm°/g) pH
Control 0.91° 6.8°
10% stevia leaves 093¢ 6.7°
powder
20% stevia leaves 0.94° 6.6°
powder
30% stevia leaves 0.96° 6.6°
powder

Mean followed by different letters in the same column differs
significantly (P<0.05).

Table 4. Quality properties of low calorie cakes

The pH values of cakes batter were not influenced by
the levels of substitutions as shown in Table (3). in all cakes
batter the values of pH were within the range of the optimal
values(6.5 to 7.7) according to Hussein et al. (2011).

4. Quality properties of low calorie cakes

Volume, weight, specific volume, moisture
absorption and crust color of cake integrated with stevia
leaves powder were measured and the results were tabulated
in table (4). The data in the Table (4) revealed decrease in
volume, weight and specific volume of cake with increasing
levels of sucrose substitution with stevia leaves powder up to
30%. The volume, weight and specific volume of cake
decreased gradually from 374 to 298cm3, from 83.0 to 75.5¢
and from 4.51 to 3.94cm3/g respectively, with increasing
proportion of stevia leaves powder. Also, data in the same
table cleared that substituting 10%, 20% or 30% of sucrose
with stevia leaves powder increased gradually moisture
absorption and crust color values of the low calorie cakes
from 102.3 to 125.4% and 0.037 to 0.053, respectively. The
obtained results were in the same trend with those recorded
by Choi et al. (2013).

Samples Volume Weight Specific volume Moisture Crust

P (cm®) (9) (cm®/g) absorption (%) color
Control 374° 83° 451° 102.3¢ 0.037°
10% stevia leaves powder 348° 81.4° 4.30° 109.7° 0.041°
20% stevia leaves powder 319° 77.8° 4.10° 117.5° 0.049"
30% stevia leaves powder 298° 75.5¢ 3.94¢ 125.4° 0.053"

Mean followed by different letters in the same column differs significantly (P<0.05).

5. Cake sponginess

The sponginess of cakes prepared using different
levels of stevia leaves powder was shown in Figures
(). It is clear from these Figures that there were big
differences between the control cake and the rest of the
tested samples that have different levels of stevia leaves

§ Sr

SHATA

Control

10% stevia leaves powder

20% stevia leaves powder

also from these Figures that sponginess and cell
regulation of cake decreased when stevia leaves powder
percentages was increased from 10% up to 30% of
sucrose, where the best sponginess properties of cake
was found when 10% of sucrose was substituted with
stevia leaves powder. The results of Choi et al. (2013)
were in the same trand as our findings

e

309 stevia leaves powder

Fig. 1. Ink print of cake prepared by different levels of stevia leaves powder

6. Sensory evaluation of prepared cake

The results about sensory scores of cake integrated
with stevia leaves powder were tabulated in Table5. Those
data stated that cake contained 10% stevia leaves powder
obtained highest scores of appearance (9.50), texture (9.00),
and overall acceptability (9.04) in comparison with control
cake and other cakes samples. One can observe that, the
color score (9.60) and taste score(9.32) were higher than
Table 5. Sensory properties of low calorie cake

control cake sample. Although, the cake with 10% SLP was
given a better overall acceptability score. Thus, the cakes
contained 10% SLP given the overall acceptability score of
cake with 10% SLP is considered as standardized and
utilized for additional investigations.

Generally, all investigated samples were acceptable.
Those results were in the hormone with those found by Choi
etal. (2013).

Treatment Control

109%0 stevia leaves

20% stevia leaves 30% stevia leaves

Sensory powder powder powder
Appearance 8.73" 9.50° 8.60° 8.25°¢
Taste 9.32° 8.95° 8.43° 8.40°
Colour 9.60° 8.42° 8.26° 8.15°¢
Odour 9.15° 9.60° 8.67° 8.61°¢
Texture 8.50°" 9.00° 8.41° 8.24°
Total acceptability 8.67° 9.04° 8.42° 8.00°

Mean followed by different letters in the same row differs significantly (P<0.05)
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