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Abstract: The cake, which can be produced with several methods, has a very important place in bakery products
and modern life. Sponge cake is a special type of cake used in the production of wet creamy cakes as “pastry under
the cake”. Cake quality depends on so many factors. Batter temperature, baking temperature and baking time are
probably the most critical factor governing the quality of final product. Incorrect baking can negative effect of all
other important cake making factors, such as qualified ingredients, correct formulas and processing steps/techniques.
In this study; the impacts of different batter temperatures (19+1 "C, 26£1 °C, and 33+1 "C), baking temperatures
(165, 180, 195, 200, 215, and 230 °C) and baking times (20, 25, 27, 30, 35, and 40 min) on the important quality
characteristics of sponge cake were investigated. It was possible to obtain sponge cakes with larger volume and
higher acceptability when batter temperature was at 33 “C rather than around 20-25 °C and when they were baked at
200 °C for 27 min. If lower baking temperatures (<200 ‘C) and/or shorter baking times (particularly 20 min) were
applied during sponge cake production, cakes with small volume, close or irregular pore structures were observed.
Too hot oven temperatures (>200 “C) and/or too long baking times (35 and 40 min) were caused to dark crust color,
cracks on the top surface, weak crumb and insufficient volume on the sponge cake. By selecting correct batter
temperature and baking norms, it could be possible to produce high quality and moist cakes with larger volume.
Besides, economic losses could be prevented.
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Hamur ve Pisirme Sicaklig ile Pisirme Siiresinin Pandispanya Uzerine
Etkileri

Ozet: Cesitli yontemlerle iiretilebilen kek, unlu mamuller igerisinde ve modern yasamda olduk¢a dnemli bir yere
sahiptir. Pandispanya, kremal1 kek (yas pasta) iiretiminde “pasta alt1 kek” olarak kullanilan 6zel bir kek ¢esididir.
Kek kalitesi pek ¢ok faktore baglidir. Hamur sicakligi, pisirme sicakligi ve pigirme siiresi, muhtemelen nihai iiriiniin
kalitesini belirleyen en kritik etmenlerdir. Hatali pisirme; kaliteli bilesenler, dogru formiiller ve igleme
adimlari/teknikleri gibi diger tiim 6nemli kek yapim faktorlerini olumsuz etkileyebilir. Bu ¢alismada; farkli hamur
sicakligiin (19+1 °C, 26£1 °C ve 33+1 °C), pisirme sicakliginin (165, 180, 195, 200, 215 ve 230 °C) ve pisirme
siiresinin (20, 25, 27, 30, 35 ve 40 d) pandispanyanin énemli kalite 6zellikleri {izerine etkileri arastirilmistir. Hamur
sicakliginin 33 °C olmasi 20-25 °C sicakliklarda hazirlanan hamurlara gére ve pandispanyalarin 200 °C’de 27 d
pisirilmesi daha biiyiik hacimli ve yiiksek albenili pandispanya iiretimini miimkiin kilmigtir. Pandispanya {iretimi
sirasinda daha diisiik pisirme sicakligr (<200 °C) ve/veya daha kisa pisirme siiresi (6zellikle 20 d) uygulandiginda
kiictik hacimli, kapali veya diizensiz gézenek yapili kekler elde edilmistir. Cok yiiksek firin sicakligi (>200 °C)
ve/veya ¢ok uzun pisirme siiresi (35 ve 40 d) pandispanyada kabuk renginin koyulasmasina, iist ylizeyde ¢atlaklara,
zay1f kek i¢i yapisina ve yetersiz hacme neden olmustur. Dogru hamur sicakligi ve pisirme normlart segilerek,
yiiksek kaliteli ve nemli, daha biiyiik hacimli kekler iiretilebilir. Ayrica ekonomik kayiplarin 6niine gegilebilir.

Anahtar Kelimeler: Hamur sicaklii, pandispanya, pisirme normlari, kek &zellikleri
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1. INTRODUCTION

Cakes are very important flour products in cereal industry for many years [1]. Cake products are
difficult to define precisely because of their wide variety and the broad range of their
formulations. Essentially, they are products that are leavened mainly by baking powder, but
occasionally also by air incorporation, as in the case of foam-type cakes. They usually contain
relatively high levels of such enriching ingredients as sugar, shortening, eggs, milk and
flavorings, in addition to soft wheat flour, and are consequently characterized by a sweet taste, a
short and tender texture, and pleasing flavors and aromas. They may be classed into two broad
categories, shortening-based cakes and foam-type cakes [2].

In foam-type cakes sponge cakes are very important. The main sponge cake ingredients are soft
wheat flour, egg, sugar, water or milk, surfactants, few baking powder and flavoring [3]. To have
a thin and sponge type structure are the two main properties of sponge cakes. Foaming of this
kind of cakes can be provided by the aid of proteins of eggs, surfactants and incorporation of air
bubbles which formed during the mixing of batter and especially during the beating of egg
whites [4].

A qualified cake should show a multitude of evenly distributed minute cells without any large
holes. It should have good color and sheen, should eat moist, have good flavor and the general
appearance should be attractive, with a good eye appeal. The quality of cakes in all instances is
governed by three major parameters, namely, the special auditability of the ingredients for the
type of cake being made, an appropriate and properly balanced formula, and the adherence to
optimal mixing and baking procedures. In last parameter, factors associated with quality cake
making are largely determined by the batter temperature, baking temperature, and baking time.
Because the temperature attained during the batter mixing operation exerts a marked influence
on the final cake quality directly. This derives from the temperature’s effect on the viscosity of
the batter which, in turn, affects both batter aeration and batter stability. Also, incorrect baking
can negative effect of all the other factors, for example high quality ingredients, correct recipes
and processing techniques.

In the present study; the effects of different batter temperatures (19+1 'C, 26+1 'C, and 33+1 "C),

baking temperatures (165, 180, 195, 200, 215, and 230 ‘C) and baking times (20, 25, 27, 30, 35,
and 40 min) on the main sponge cake characteristics were investigated.

2. MATERIALS AND METHODS
2.1. Materials

Commercial soft wheat flour purchased from Ova Milling Factory (Konya, Turkey). The flour
had 14% moisture, 0.59% ash content, total acidity 0.03%, pH 5.9, dry gluten amount 10.3%,
gluten index 77%, sedimentation 34 mL, falling number 343 s, farinograph water absorption
62.2%, stability 6.3 min, softening degree 170 BU; extensograph maximum resistance to
extension 570 BU, extensibility 105 mm, and energy 85 cm? [5]. Surfactant (Ovalette brand)
which has gel structure containing E471 and E475 was obtained from the Katsan Food Co.
(Istanbul, Turkey). Powdered sugar, fresh egg, vanilla and salt were supplied from a local
market. Potable water was supplied within the campus of Cukurova University (Adana, Turkey).
In the study, 3 different baking powder (BP) formulations were prepared manually by using
sodium bicarbonate (Mersin Soda Industry, Mersin, Turkey), potassium bitartarate (PB) and
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sodium acid pyrophosphate (SAPP, Miihlenchemie, Germany) with corn starch (Sadikoglu,
Adana, Turkey) (Table 1).

Table 1. Ingredients and quantity (g) of baking powder formulas used in the study.

Formula code Ingredients"

Sodium bicarbonate PB SAPP Corn starch
Baking powder 1 (BP1) 30.0 - - 70.0
Baking powder 2 (BP2) 30.0 66.7 - 33
Baking powder 3 (BP3) 30.0 - 41.7 28.3

() PB: potassium bitartarate, SAPP: sodium acid pyrophosphate.

Sponge cake batter was prepared in Kitchen Aid KSM 45 model electric mixer (KitchenAid Inc.,
St. Joseph, MI, USA) by using the formulation listed in Table 2. The sponge cake batter (425 g)
was placed in stainless steel baking greased pans (inside diameter 203 mm and depth 38 mm) as
described American Association of Cereal Chemists International (AACCI) Approved Method
10-90.01 [5] and baked different temperatures and times which were given below. In cake
baking trials, Arcelik ‘MF6’ model oven (Arcelik Company, Istanbul, Turkey) that is fired
electrically and capable of maintaining temperature range of +3 C was used.

Table 2. Sponge cake batter formulation used in the study.

Ingredients Weight (g) Portion of composition (%)
Flour 200.0 36.3

Sugar 144.0 26.1

Egg 120.0 21.8

Water 60.0 10.9

Surfactant 19.3 3.5

Baking powder" (4.1-6.9) (0.75-1.25)

Vanilla 1.5 0.3

Salt 0.8 0.1

Total 549.7-552.5 99.75-100.25

M Tt used 0.75%, and 1.25% percentages based on total sponge cake batter weight.

2.2. Cake making method

Sponge cake batter was prepared according to “Creaming method” [6] with some modification.
Details of sponge cake making method are given in Dizlek and Altan [1]. In the study, to
determine optimal baking norms for sponge cake, firstly, batter was cooked 165, 180, 195, 200,
215, and 230 "C in the oven temperature for 20, 30, 35, and 40 min. After the data obtained from
the first phase of the study, sponge cake batters were baked in oven for 25, 27, and 30 min at 200
‘C. Finally, to determination of the effect of batter temperature on sponge cake volume
characteristics, batters were prepared 3 different temperature, 19.0+1.0 'C, 26.0+1.0 'C, and
33.0+1.0 'C, respectively. For this purpose, BP; and BP, formulas were used at two different
ratios (as 0.75% and 1.25%, based on batter weight) in cake recipe and optimal baking norms
(200 'C for 27 min) also used in this experiment. The norms specified as batter temperature (19,
26 and 33 °C) were adjusted to be the temperature of the mixed batter. The temperature of the
(cold) water, flour, sugar to be used in batter making was adjusted for the temperature of mixed
batter to be 1941, 26+1 and 33+1 °C, respectively.
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2.3. Cake analyses

Cakes were weighed within 6 h after baking; volumes of cakes were measured by the method of
Dizlek and Altan [1]. The specific volume of individual cakes was calculated from the ratio
between volume and weight of the cake [7]. Volume, symmetry, uniformity and shrinkage
indexes of cake samples were determined by using the layer cake measurement template
according to AACCI Method 10-91.01 [5] procedure in terms of millimeters. Total volume index
of cake samples determined according to Bath et al. [8].

2.4. Data analysis

All experiments were carried out in three replicates. Analyses of variance (ANOVA) were
conducted by using the Statistical Analysis System (SAS) procedures [9]. When a significant
difference was found among treatments, Duncan’s multiple range tests were performed to
determine the differences among the mean values.

3. RESULTS AND DISCUSSION

Sponge cakes which were baked for short time (20 min) staying battery (they are not cooked
enough) and/or they had small volume. On the other hand, too long baking times (35 and 40 min)
were caused to high crust color, cracks on the top surface, and insufficient volume were observed
(data not shown). The results of average cake volume values baked for 30 min at different
temperatures are shown in Table 3.

Table 3. The effects of different baking temperatures on sponge cake volume.
Baking temperature ('C) 165 180 195 200 215 230
Sponge cake) volume (cm®)  1436°® 15709 1675 1725 1700°  1655°

(1 Slow acting baking powder formula (BP3; Table 1) was used in this experiment as 0.75% batter weight.
() Mean values in the table followed by different superscript with lowercase are significantly different (p<0.01).

Table 3 reveals that, in terms of cake volume with best result (average 1725 cm®) was obtained
from 200 ‘C baking temperature. After, sponge cake was baked at 200 ‘C temperature in oven for
25, 27, and 30 min separately and cake volume was investigated as 1715, 1725, and 1725 cm?,
respectively, and there was not any significant difference (p<0.01) on cake volume of these
different baking times. We observed that, for crust color (bright, light yellowish brown), general
appearance, and a good eye appeal, cakes which were 27 min baked best, so after the part of this
study we conclude that cakes were baked for 27 min at 200 'C temperature.

The results of average cake volume characteristics values baked for different batter temperatures
are shown in Table 4. By examining the Table, it is seen that the cake volumes vary between 749
and 1729 cm?, which is approximately 2.5 times the other. Although there was no significant
difference between the volumes of the sponge cakes produced with the BP; formula, it was
observed that the cake volumes increased significantly in parallel with the increasing batter
temperature in the sponge cakes made with the BP> formula (p<0.01).

Specific volume values of cakes varied between 1.99 and 4.55 cm®/g (Table 4). According to the
findings, although there was no significant difference between the specific volume values of the
cakes produced with the BP; formula, the specific volume values of the cakes increased in direct
proportion with the increase in the batter temperature in the cakes made with BP> (p<0.01).

In terms of volume index values, it was determined that the cakes prepared from the batter of
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both ratios of BP2 at 33.0+1.0 °C had the best results (189 and 187 mm, respectively). On the
other hand, it was observed that the volume index values of the cakes made with the BP, formula
and batter with a temperature of 19.0+1.0 'C were lower (51 and 78 mm) than all other samples.

Table 4. The effects of different batter temperatures on sponge cake characteristics.

BP BP Batter Volume Specific  Volume Total ~ Symmetry Shrinkage Uniformity
Formula Ratio Temperature Volume Index  Volume Index Value Index
Code (%) (O (cm?) (cm¥/g) (mm) Index(mm) (mm) (mm) (mm)
BP; 075 19.0+1.0 1659 4350 179« g52be 24 4.0t 2.2
26.0£1.0 1630° 4.29¢ 1697 6384 27* 2.2f 2.0
33.0£1.0 1680 442w  176% 650  26° 3.0 0.7°
1.25 19.0£1.0 1710%® 4.48» 1820 656° 252 2.8def 1.8¢
26.0+1.0 16763 4.413b¢ 173°f 645°¢ 26° 2.4¢f 2.42
33.0£1.0 1692 4.43% 182 6520  25° 2.7 3.3
BP, 0.75 19.0£1.0 773f 2.03f 78 531¢# -16¢ 7.6 1.4%
26.0+1.0 14704 3.87¢ 1608 624° 17° 7.4% 1.0%
33.0+1.0 1729* 4.55% 1892 6642 252 5.43b¢ 2.2%
1.25 19.0£1.0 749° 1.99f 51 515h -1¢ 4,8cde 1.2¢
26.0+1.0 958° 2.52¢ 100" 569° 20e 5.bed 2.8
33.0+1.0 1710% 4.51% 187% 666° 20P 3.00def 3.3¢

() Mean values in the table in the same column followed by different superscript with lowercase are significantly different
(p<0.01).

By examining the data of the total volume index, it was seen that the cake samples, which had
the highest values in volume, specific volume and volume index analysis, also got the highest
values in this index analysis, and the total volume index values of the cakes increased in parallel
with the increasing batter temperature, especially in cakes made with BP> (Table 4). In the cake
experiments made with the BP; formula, it could not be determined a significant effect of the
baking powder ratio and batter temperature on the symmetry index value. On the other hand, in
the cakes made with BP,, symmetry index values increased in parallel with the increase in batter
temperature. There was a fluctuation in both baking powder ratios of cakes made with BP> since
some cakes are fluffy, and some are collapsing.

By examining the data of the shrinkage value (Table 4), it was seen that this value varied
between 2.2 and 7.6 mm. It was determined that the cakes prepared with batter at 19.0+1.0 C
and 26.0+1.0 'C temperature, which are relatively small in volume and contain BP; in their
composition, shrink (contraction) more from the edges and therefore the shrinkage values are
higher in these cakes (p<0.01). As expected, batter temperature had no significant effect (p>0.01)
on the uniformity index values of sponge cakes (Table 4).

According to AACCI Method 10-90.01 and 10-91.01 [5] the volume index is a primary quality
measurement between the index’s values. The volume index gives an indication of the overall
size of the cake. The symmetry index assesses how peaked the cake is, while the uniformity
index reflects how central the cake peak is. The symmetry index describes the top surface of
cakes, which may be sunken (collapsed), flat or rounded and indicated by negative, zero or
positive values, respectively [7, 10, 11]. The uniformity index is used as a measure of cake
symmetry. For the optimum cake, this index should be zero — which indicates a cake with equal
halves — because positive or negative values occur when one side of the cake is higher than the
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other [12, 13, 14]. Ideally, high quality cakes have slightly rounded symmetrical tops, a large
volume, and a low degree of shrinkage. The volume is related to the amount of air bubbles
incorporated into a cake [8]. The volume is one of the most important factors for most of the
baking products, especially for the cakes in terms of external view. The measurement of volume
is a valuable tool in the evaluation of cake quality, because of it contributes not only to visual
appeal but also it serves as an indicator of the structural development of the cake [1, 12, 13]. The
specific volume is the most significant physical property of cakes because of its determination on
consumer preferences [15].

Cake quality is affected by many factors during production. The main factors affecting the cake
quality are formula balance, functions of the ingredients in the formula, before mixing the
ingredients temperature, correct application of the mixing method, aeration of cake batter,
temperature, specific gravity and pH values of the batter obtained at the end of mixing,
accurately weighing the batter and filling it into the pans, stability of the fluid batter in the first
stage of cooking and baking norms [7, 16, 17].

By evaluating together, the findings in the Table 4, it was observed that the batter temperature
had no significant effect on the cake properties in cakes made with BP; containing only sodium
bicarbonate in its composition, whereas the batter temperature had a significant effect on the
quality of the final product in cakes made with the fast-acting formula BP,. Parallel to the
increase in batter temperature, it was determined that the volume-related values of the cakes
belonging to volume, specific volume, volume index, total volume index and symmetry index
increased, whereas the shrinkage value decreased (It was determined that the volume of sponge
cakes made with BP> increased in direct proportion to the increase in batter temperature). It is
seen that the cakes have a large volume in the experiments made with batter at an average
temperature of 33.0+1.0 C. On the other hand, values related with the volume (volume, specific
volume, volume index and total volume index) were decreased whose cakes made from the
batter at an average temperature of 19.0+1.0 and 26.0+1.0 'C with the BP, formula in both
baking powder ratios. It was also observed that the symmetry index value was either negative or
positive, but lower than the other cakes when the batter temperatures are 19.0+1.0 and
26.0£1.0 °C.

The findings obtained from our study are consistent with the findings and/or statements of other
researchers who reported that batter/dough temperature affects the quality of bakery products [2,
17]. Recently, Dizlek and Ozer [18] showed that dough temperature has a significant effect on
bread quality.

4. CONCLUSION

In this study; the effects of different batter temperatures, baking temperatures and baking times
on the important quality characteristics of sponge cake were investigated. It was possible to
obtain sponge cakes with larger volume and higher acceptability when batter temperature was at
33 °C rather than around 20-25 °C and when they were baked at 200 °C for 27 min. If lower
baking temperatures (<200 ‘C) and/or shorter baking times (particularly 20 min) were applied
during sponge cake production, cakes with small volume, close or irregular pore structures were
observed. Too hot oven temperatures (>200 ‘C) and/or too long baking times (35 and 40 min)
were caused to dark crust color, cracks on the top surface, weak crumb and insufficient volume.
By selecting correct batter temperature and baking norms, it could be possible to produce high
quality and moist cakes with larger volume. Besides (by choosing the most convenient norms),
economic losses could be prevented.
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