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Table 1- Characteristics of flour used for cake preparation

Properties* Amount
Moisture (percentage) 13.14+0.01
Protein (percentage)** 75+0.15

Moist gluten (percentage) 20.2 +0.76
Gluten index 87 +1.14

Ash (percentage) 0.508 + 0.02
Zolani number (cc) 14 +0.13

* The results obtained were the result of three repetitions.
**Analysis results are reported based on 14% flour moisture.
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Table 2- The steps of preparing cake dough using the sugar-dough method

Material weight (gr) Percentage Steps to do
oil 17.50 266 Heating was done for 10
sugar 22 330 minutes until the light
color of the cream was
produced.
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egg 22
flour 28.40
Baking powder 0.50
milk powder 0.61
vanilla 0.15
whey powder 1.23
water 7.61

330 Eggs were added in3t0 5
equal parts.
425.60 All the powdered
7.50 ingredients were sieved
9.20 together and added to
2.30 form a paste. It came out
18.40 half straight
11.40 After adding water, the

dough became smooth.

Table 3- Amount of fat and transglutaminase enzyme used in different samples of sponge cake

Treatment Transglutaminase enzyme treatment (ppm) Reduced fat (%)
A (Control) 0 0
B 10 25
C 20 25
D 10 50
E 20 50
F 10 100
G 20 100
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Figure 1- Transparent ruler used to measure cake
symmetry and uniformity
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Table 4- The results of comparison of average relative density and consistency in sponge cake samples

produced with dough containing microbial transglutaminase enzyme and reduced fat

Treatment Specific gravity (gr/cm3) Consistency (gr/s)
A (Control) 0.002 °+1.08 0.01%3.03
B 0.001°+1.09 0.01%41.21
C 0.007°+1.12 0.023£37.62
D 0.0045+1.14 0.04°£11.25
E 0.05°+1.15 0.012£40.42
F 0.0023+1.24 0.02P+25.39
G 0.02°+1.13 0.06+31.32

All numbers are mean + standard deviation, different letters indicate significance at P<0.05 level. A: control, B: 10
ppm transglutaminase and 25% reduced fat, C: 20 ppm transglutaminase and 25% reduced fat, D: 10 ppm
transglutaminase and 50% reduced fat, E: 20 ppm transglutaminase and 50% reduced fat, F: 10 ppm transglutaminase
and 100% reduced fat, G: 20 ppm transglutaminase and 100% reduced fat.
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Table 5- The results of comparing the average amount of protein, fat, moisture and cake ash in sponge cake
samples produced with dough containing microbial transglutaminase enzyme and reduced fat

Treatment Protein (%) fat (%) Moisture (%) Ash (%)
A (Control) 0.02°+7. 16 34.35+0.01 P 15.60+0.30 ¢ 0.57+0.04 ¢ d
B 0.04°+7. 60 43.81+0.01° 19.29+0.20P 0.14+0.04¢
C 0.05%¢+7. 58 29.69+0.02 ¢ 18.47+0.06 ° 0.60+0.03°
D 0.03°+7. 76 14.03+0.02 ¢ 21.43+0.20° 092+0.05°
E 0.05°+7.75 12.95+0.014 23.08 + 0.03° 0.85+0.07°¢
F 0.02%+8. 34 12.69 + 0.08 ¢ 31.40+0.05 2 5.38+0.04 ¢
G 0.072£8. 43 13.60 £ 0.151 28.01+0.01° 2.70+0.06 °

All numbers are mean + standard deviation, different letters indicate significance at P<0.05 level. A: control, B: 10
ppm transglutaminase and 25% reduced fat, C: 20 ppm transglutaminase and 25% reduced fat, D: 10 ppm
transglutaminase and 50% reduced fat, E: 20 ppm transglutaminase and 50% reduced fat, F: 10 ppm transglutaminase
and 100% reduced fat, G: 20 ppm transglutaminase and 100% reduced fat.
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Table 6- Comparison results of average volume, weight, specific volume, and cake symmetry in sponge cake
samples produced with dough containing microbial transglutaminase enzyme and reduced fat

Treatment VVolume (cm3) Weight (gr) Specific volume Cake symmetry
(cm3/gr) (mm)

A (Control) 125.00+1.152 65.80+0.23 1.89 £ 0.01° 18.00 £ 0.57 ©
B 110.00 +2.30° 66.80+0.28 2 1.64+0.04 1/15 +26/002
Cc 125.00 £ 0.57 2 67.20+0.11° 1.86+0.052 12.00+£1.15°¢
D 100.00 + 1.15° 66.90 £ 0.11°2 1.49+0.01° 24.00 £ 0.57 2
E 105.00 £ 1.73 " 66.90+0.11 2 1.56+0.02 17.00 £ 0.57 °
F 95.00+1.73°¢ 65.70+0.05 ° 1.44+0.02 ®¢ 19.00+0.57 &
G 85.00+2.30°¢ 66.00+0.11° 1.28+0.03 ¢ 10.00+1.15°¢

All numbers are mean + standard deviation, different letters indicate significance at P<0.05 level. A: control, B: 10
ppm transglutaminase and 25% reduced fat, C: 20 ppm transglutaminase and 25% reduced fat, D: 10 ppm
transglutaminase and 50% reduced fat, E: 20 ppm transglutaminase and 50% reduced fat, F: 10 ppm transglutaminase
and 100% reduced fat, G: 20 ppm transglutaminase and 100% reduced fat.
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Table 7- Comparison results of the average amount of apparent density, Solid density and porosity in sponge
cake samples in sponge cake samples produced with dough containing microbial transglutaminase enzyme

and reduced fat

Treatment Aapparent density (gr/cm®) Solid density (gr/cm®) Porosity (%)
A (Control) 0.52 +0.003¢ 1.20+0.001° 56.23+0.33?
B 0.60+0.01° 1.19+0.001° 48.97 +1.28°
C 0.53+0.001°¢ 1.20+0.0052 55.18 £ 0.142
D 0.66+0.008 ° 1.19+0.002 @ 43.75+0.69 P
E .0.63+0.009° 1.19+0.003 @ 46.66+0.82
F 0.69+0.01° 1.19+0.001 2 42.26+1.04°
G 0.77+£0.01° 1.19+0.01 a 34.94+1.60 ©

All numbers are mean + standard deviation, different letters indicate significance at P<0.05 level. A: control, B: 10
ppm transglutaminase and 25% reduced fat, C: 20 ppm transglutaminase and 25% reduced fat, D: 10 ppm
transglutaminase and 50% reduced fat, E: 20 ppm transglutaminase and 50% reduced fat, F: 10 ppm transglutaminase
and 100% reduced fat, G: 20 ppm transglutaminase and 100% reduced fat.
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Table 8- Comparison results of the average amount of texture characteristics in sponge cake samples in
sponge cake samples produced with dough containing microbial transglutaminase enzyme and reduced fat

Treatment Hardness (gr) adhesiveness Cohesiveness Springiness Gumminess (gr) Chewiness (j)
(mj) (mm)
A 2778.50 + 4/04 ® 0.45+0.01° 0.67+0.005% 7.26+0.02?% 1.67°+1872.80 133.34 £ 1.17°
(Control)
B 2559/00 + 2/88° 0.32+0.01° 0.65+0.005 P 7.15+0.02*  0.51°+1651.15 115.77+0.61°
C 1810.00 £ 1/15 ¢ 0.28+0.01 ¢ ¢ 0.71+0.012 6.30+0.01¢  1.68%:1288.70 79.75+1.18¢
D 2448.50 + 2.30P 0.50+0.02 ® 0.68 +0.005 2 6.75+0.01° 1672.10+1.15b 110.68 +1.17°"
E 2440.00+1.73° 0.38+0.01° 0.65+0.01° 6.72+0.01° 1587.40+1.21 b 104.61+1.21°
F 3925.00 + 2/88 2 0.46+0.02 0.65+0.01° 6.80+0.01° 2540.00t1.15a 16.1+12.171°
G 4033.00+2.30 2 0.61+0.02° 0.73+£0.01° 7.09+0.02 2 2943.00+1.73 a 204.62+1.74 2

All numbers are mean * standard deviation, different letters indicate significance at P<0.05 level. A: control, B: 10
ppm transglutaminase and 25% reduced fat, C: 20 ppm transglutaminase and 25% reduced fat, D: 10 ppm
transglutaminase and 50% reduced fat, E: 20 ppm transglutaminase and 50% reduced fat, F: 10 ppm
transglutaminase and 100% reduced fat, G: 20 ppm transglutaminase and 100% reduced fat.
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Table 9- The results of comparing the average amount of enthalpy, free and bound water in sponge cake
samples in sponge cake samples produced with dough containing microbial transglutaminase enzyme and

reduced fat

Treatment Enthalpy 1 (j) Enthalpy 2 (j) free water (%) Bound water (%)
A (Control) -67.00+£1.00 2 -2491.00+0.50° 24.03+0.50 2 27.00+1.00 a
B -78.27+2.00 @ -2243.27+0.94" 22.21+0.00 24.21+1.00°
C -66.18+1.00 2 -2754.18+0.81°¢ 26.62+0.00? 29/00+1/002
D -106.89+1.00 P -2537.89+0.83" 25.25+0.502 29/00+1/002
E -73.42£1.002 -2726.42+0.26 ¢ 25.42+0.002 29/00+1/002
F -76.39+0.65 2 -2814.39+0.71°¢ 22.39+0.00 ° 26.00+1.00°
G -83.80+£1.002 -1933.57+1.002 22.32+0.60 P 25.50 + 1.00°

All numbers are mean =+ standard deviation, different letters indicate significance at P<0.05 level. A: control, B: 10
ppm transglutaminase and 25% reduced fat, C: 20 ppm transglutaminase and 25% reduced fat, D: 10 ppm
transglutaminase and 50% reduced fat, E: 20 ppm transglutaminase and 50% reduced fat, F: 10 ppm transglutaminase
and 100% reduced fat, G: 20 ppm transglutaminase and 100% reduced fat.
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Figure 2- An example of differential calorimetry in a sample of sponge cake produced with dough containing
microbial transglutaminase enzyme and reduced fat (Treatment G: 20 ppm transglutaminase and 100%

reduced fat).
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Table 10- The results of comparing the average amount of Sensory evaluation in sponge cake samples in
sponge cake samples produced with dough containing microbial transglutaminase enzyme and reduced fat

Treatment Smell Ttaste Color
A (Control) 6.202" 6.87° 6.40°
B 6.27°2 6.37°P 7.272
C 5.00° 6.87° 6.57°
D 7.372 8.47° 8.83%
E 5.77°P 2.47¢ 4.40¢°
F 3.73¢ 437°¢ 2.40¢
G 2.67°¢ 2.60¢ 1.134

All numbers are mean, different letters indicate significance at P<0.05 level. A: control, B: 10 ppm transglutaminase
and 25% reduced fat, C: 20 ppm transglutaminase and 25% reduced fat, D: 10 ppm transglutaminase and 50% reduced
fat, E: 20 ppm transglutaminase and 50% reduced fat, F: 10 ppm transglutaminase and 100% reduced fat, G: 20 ppm

transglutaminase and 100% reduced fat.
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Microbial transglutaminase is an enzyme from the group of
transferases, which is widely used to modify the functional
characteristics of proteins in various foods. The covalent bonds
created by this enzyme have unique effects on gel formation capacity,
thermal stability and water retention capacity in proteins. The purpose
of this research was to investigate the effect of different amounts of
microbial transglutaminase enzyme as a fat substitute on the
thermometric, thermogravimetric and rheological characteristics of
low-calorie sponge cake. For this purpose, seven different treatments
were produced with 0, 25, 50 and 100% reduced fat, 10 ppm and 20
ppm transglutaminase enzyme. Based on the results, the maximum
amount of protein (8.43%), apparent density (0.77 g/cm3), solid
density (1.19 g/cm3), hardness (4033 g), adhesion (0.61 MJ) ,
cohesion (0.73), gumminess (2943 g), second enthalpy and
chewability (204.62 MJ) were observed in the treatment with 20 ppm
enzyme and 100% reduced fat. The lowest free water was observed in
the treatment containing 10 ppm enzyme with 25% reduced fat. The
treatment with 10 ppm of enzyme and 50% reduced fat had the best
taste, smell and color according to the evaluators. The amount of
protein increased due to the presence of transglutaminase enzyme in
the samples and its tissue characteristics improved. But reducing 100
percent of fat had a negative effect on the sensory properties of the
produced product. Therefore, complete removal of fat is not
recommended for the production of this product, but by using
transglutaminase enzyme, fat can be reduced to a significant extent.
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