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Quality Properties of Yellow Layer Cake Prepared with Diacylglycerol Oil
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Abstract

This study was performed to research quality characteristics of yellow layer cakes added with diacylglycerol
oil and their effectiveness in reducing trans fatty acids and inhibiting accumulation of fats in the body. The
diacylglycerol oil used in this study contained 80% diacylglycerol. In treatments 0, 10, 20, 30 and 40% of the
weight of margarine were substituted with diacylglycerol oil. pH and specific gravity of cake batter of
treatments increased with more diacylglycerol oil compared to that of the control group. Viscosity of cake
batters of treatments also became higher with increasing diacylglycerol oil than that of the control. pH of
cakes rose up with increasing amounts of diacylglycerol oil. Volume of cakes became bigger by reducing loss
due to water evaporation in a baking process, resulting in a moister texture because of increased moisturizing
capacity in oil. In the case of color, the Hunter’'s colorimetric lightness (L) got higher as the added amount
was increased, and redness (a), yellowness (b) and color different (AE) got lower against control accordingly.
In particular, 30% treatment showed higher levels in the areas of volumes and moisture contents while 20
and 30% treatments were superior in sensory characteristics. Therefore, a yellow layer cake made by
substituting 30% of the weight of margarine with diacylglycerol oil was expected to be a low-calorie cake
because the oil improves taste and quality of cakes, reduces trans—fatty acids and inhibits accumulation of

fats.
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Table 1. Formulation of yellow layer cakes substituted with

different levels of diacylglycerol oil (unit: g)
Substitution levels (%)"

0 10 20 30 40

Ingredients (g)

Cake flour 100.0 100.0  100.0 100.0 100.0
Sugar 110.0 1100 110.0 110.0 110.0
Whole egg 5.0 550 55.0 55.0 55.0
Margarine 50.0 45.0 40.0 35.0 30.0

Diacylglycerol oil 0.0 5.0 10.0 15.0 20.0
Non-fat dry milk 8.0 8.0 8.0 8.0 8.0

Salt 2.0 2.0 2.0 2.0 2.0
Baking powder 3.0 3.0 3.0 3.0 3.0
Distilled water 52.0 52.0 52.0 52.0 52.0

YBased on diacylglycerol oil per margarine.

Margarine

| Weighing |
| Mixing |

l at speed #3 for 3 min | Weighing |
| Mixing I: |

: Cake flour, baking powder,

l at speed #5 for 12 min non-fat dry milk, ¥2 water

| Creaming Whole egg
at speed #7 for 6 min | Weighing |

| Mixing i=

|

| Mixing

| Panning |

l 630 g per pan (8 inch)
| Baking |
l at 170°C for 45 min

| Cooling |
at 20°C for 1 hr

Yellow layer cakes containing
diacylglycerol oil

Fig. 1. Flow of yellow layer cake baking procedure.
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Table 2. Operating conditions for Texture Analyzer

Instrument Stable Micro System TA XT-2
Texture Analyser

Type Compression test (Texture Profile
Analysis test)

Probe # 34 mm cylinder probe

Pre-test speed 5.0 mm/s

Test speed 1.0 mm/s

Post test speed 1.0 mm/s

Distance 10.0 mm

Strain deformation 50%
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Fig. 2. pH of yellow layer cake batters substituted with dif-
ferent levels of diacylglycerol oil.
"Values are means+SD (n=5).

YValues with different superscripts on the bar are significantly
different at p<0.05 by Duncan’s multiple range test.
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Fig. 3. Specific gravity of yellow layer cake batters sub-
stituted with different levels of diacylglycerol oil.

})Values are means =SD (n=5).

PValues with different superscripts on the bar are significantly
different at p<0.05 by Duncan’s multiple range test.
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Fig. 4. Viscosity of yellow layer cake batters substituted
with different levels of diacylglycerol oil.

l)Values are means*SD (n=5).

PValues with different superscripts on the bar are significantly
different at p<0.05 by Duncan’s multiple range test.
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Table 3. pH, volume, baking loss rate, moisture contents of yellow layer cakes substituted with different levels of diac-

ylglycerol oil

Substitution levels (%) pH Volume (mL) Baking loss rate (%) Moisture contents (%)
0 7.49+0.02"%% 1602.50+9.57° 7.26+0.05" 27.96+1.73°
10 7.51+0.02" 1630.00+14.14 6.98+0.09 28.41+1.02"
20 7.54+0.03° 1647.50+17.08" 6.91+£0.09™ 29.33+0.60"
30 754+0.03" 1688.75+6.29° 6.83+0.09° 31.61+0.64°
40 7.55+0.03 1681.25+8.54% 6.85+0.04° 31.15+1.99*

PValues are means+SD (n=5).

YMeans with different superscripts letters in the same column are significantly different at p<0.05 by Duncan’s multiple range

test.
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Table 4. Hunter’s color values of yellow layer cakes substituted with different levels of diaclyglycerol oil

Hunter's Substitution levels (%)
color values 0 10 20 30 40
L 75.83+1.51"" 76.05+£0.91" 76.39+2.52° 77.56+0.71 78.19+0.58"
a 5.59+0.03° 5.23+0.33 4.81+0.72° 4.60+0.44% 4.51+0.09°
b 4159+1.05% 41.23+0.48" 40.59+0.32° 39.0340.12° 38.59+0.13°
AE 46.39+3.03 46.75+2.34% 4370+2.56° 41.79+0.68° 40.52+2.34¢

YValues are means+SD (n=5).

YMeans of different letters within a row are significantly different from each other at a=0.05 as determined Duncan’s multiple

range test.
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Table 5. Texture profile analysis of yellow layer cakes substituted with different levels of diacylglycerol oil

Texture Substitution levels (%)
parameters 0 10 20 30 40
Hardness 329.57+£40.21V% 327.81+39.21° 320.06 +41.00° 278.17+26.16 263.36+22.37"
Adhesiveness -2.61+0.76" -2.86+0.67" -2.94+0.68" -3.1540.48" -3.43+0.60°
Springiness 0.90+0.01¢ 0.92+0.01° 0.92+0.01° 0.93+0.01° 0.93+0.01°
Cohesiveness 0.47+0.01° 0.50+0.01° 0.50+0.01° 0.51+0.00 0.52+0.01°
Gumminess 154.34+ 18.59° 152.99+15.14* 146.38 +12.93% 142.09 +13.00™ 136.78+10.77
Chewiness 184.02+17.09° 177.21 +24.16° 144.91+21.79" 139.39+16.81" 130.48+11.31°

DValues are means=SD (n=5).

YMeans of different letters within a row are significantly different from each other at a=0.001 as determined Duncan’s multiple

range test.
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Fig. 5. Cross-sectional view of yellow layer cakes sub-
stituted with different levels of diacylglycerol oil.

A: Control, B: 10% substituted by diacylglycerol oil for margarine,
C: 20% substituted by diacylglycerol oil for margarine, D: 30%
substituted by diacylglycerol oil for margarine, E: 40% sub-
stituted by diacylglycerol oil for margarine.
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Table 6. Sensory evaluation scores of yellow layer cakes substituted with different levels of diacyglycerol oil
Substitution levels (%)

Sensory characteristics

0 10 20 30 40
Appearance 6.50+0.63"? 6.96+0.57 7.13£0.30™ 7.42+0.50° 7.00+0.66"
Color 6.63+0.78" 7.29+0.57 7.54+0.49° 7.21+0.67 6.50+0.78"
Smell 6.79+0.44" 7.00+0.63" 7.25+0.40 6.50+1.06 592+1.21¢
Taste 6.54+0.76™ 6.75+0.99" 7.29+0.44 6.96+0.74" 6.29+0.53°
Softness 6.42+0.75° 6.79+0.82" 7.08+0.65" 7.50+0.85" 6.88+0.52"
Moistness 6.29+0.45" 6.50+0.91" 6.96+0.74 7.17+0.38° 7.04+0.64°
Overall acceptability 6.383+0.52° 6.83+0.52 7.25+057" 7.42+0.65 6.58+0.83"

‘I)Values are means+SD (n=5).
“Means of different letters within a row are significantly different from each other at a=0.01 as determined Duncan’s multiple
range test.

& 29 HrhEe] S7rEeE Fa7E AA 30% ATl olotdZeAE L& HIIR AT FA H7HE AT
M 7P w2 AaE wer, 0% tiz2TelA 7 v o A WA, B FEHE AR, £5F A 3 A9l
H4E Lkt (p<0.001). o]# g A3e ke Aola 54 71z BE RN F2 HFE e 20, 30%2 A
7t & FHdlA sprtd s talste golopdaeAlE & T7F v AE Aos yEyt

U5 30% H7HE Aol M we FuE UEhd Ao A= 54 A A= Fig. 65 2ok =7 Mo JrE
& EdE 737t 24 Yok 7S RdME 2 HFE e HETEY telopd e 2 A9 Arhge] StErE
Aoz Btk A2 golold I A E 24<S 10, 20, 30% H7Ee Art gotAls AEgE & 5 ASieH, oA
WA Aol w2 H4EE W%, 0% 29t vh7ble] Ann tolobd e AlE ede] Aol ¥ ¥ b
40%9] A Fel s i #e AeE HAtHp<0.0D). 7 =9 Ao Hola, AlojAe] Furt AR g} Aos
ojZ9] 54 Bt T A& Folo] Aolae A =4 A Bt WAl H7bgel S7tges A7t =4 vebse
golotdEe e 2de HrtEe] Srtgss BEs 7 ), ikl gelopd 2 e Al E 2 do] HAE vlasslE
Ao AN e AT FAE volA s A3E UEE o tolotd e AE 2d] WAZE | A miel Ao
Hl, H7ho] S7rEE Mol o vl A3 =3haE Ho Z Btk R Are gR27HY gololdF A S
40%2 A A TollA e H4E e Jeg Helr Q9 Hrtgo] A2 AT HErt A UEhg
WA= 20%E hAF A PR =& H4E HERiL, o £53 AT xR 7RG gololdI g 29E #

30% olFFH = gokAl= AFdFES UE i tH(p<0.001). BHe 7vek Ao Aot 7 =4 vEhgEd, ol AL AT

20%69] ATl A 7 2 A4S wekor, 40%9 A 7} z2TR R o 2] fjE RAog F2Hc)h

ToAM P s HEE EATHp<0.00). FEHE e gure gz 7R tololadZ A2 9AL Hra Az
= o

b tAlste] tolobd 2 AE oA AFOl T o] gavt kA tEhee, o4 e tolol AT AE o

HREE 300 A2 TN AT FANT 0% A o] mprelng ekl s)go] BEE Hgte] O Hri
g oA Tastes FEFS BRI (p<0.001), e Alol= AL < 2= 9}

o A4 W7t T g2 23 A vhrkd S tiilste] trolo}

AZEHE 29 Hrteo] S/EFE Ax, #24, 1A Yellow color

of WA Uehte 2nE BT 5 Utk old@ AHE
B2 shhRg Yastel tolopa e Mg 22U A7)
952 REYE rot wolAe 298 ¢ 5 AN 5
=3 JEE 20% o AR APt hETRT po  Aerese
A58 Ve ATHp<000D). o) 52 F S A 4
AW vkt g BfAstel dololdZel g 2 9e A7t

Smell

=
—— 0%
G52 ERGY0] AR FEFF] B e, @ —=—10%
- _ = —o— 20%
A A ol o) R E5F JEo)A tholol AT el D

€ 299 Aidel /85 = B Ao w HAlt Moistness Softness —— 40%
AT A o2 tholol AT NE QUL Hre Az S 7ol

o] Aoj=z o] ARAHQ 7|ZE EAS
ZYANE 299 H7} A wrtARS

e R Fig. 6. QDA profiles for the sensory evaluation scores of
TR tholopdd layer yellow calges substituted with different levels of diac-
HA7bet g=TRT o ylglycerol oil. “p<0.01, “"p<0.001.



M

(@) (]
rar =

TolMe AES dolof AolA Az Al EHAAN

Ab FFE Folal AA W] A FHE AAAA AL
AE Tholotd S HAE 28-S AHEEAS W F

= HuAstgoh dx7 = vk ARk,

JdA 27 = vk FAl0 diste] gojold I AlE 2
o A7HEE 10, 20, 30, 0% 247 th2A) Hrkste] A=
glojof AlolaE Azt W52 pH 54 A3 thx
Foll W& thelofd e N E 2 U9 HutEFo] TTFE
pH7} wobAl= FES A w5 viFe fxzrE
GolotdZe|AE £ H7rgel SUMErE =4 Y
gom, whEo 2RV AEE gE2 TR tholold 2T A
2 299 Htgol 3UHEFE w2 HEE YEG
Alol29] pH S A= W5 o] pHoF 22 FFolslorn,
ol 2 A E Y-S 30% H7F Al R} FEFae]
E2 A3HE Bk AolaY] WEe Htgol 7S
FOHR AL, AME, FAL, FAAE 2ol el Hrh
o] S7tEFE B etk g aA e A A=, F3A,
AT QPP xTRY tolopdaeAEs £ H
Zbol S/t E W s By, 9 SR
AAE AE B A= gelotd I A E
LAE 20%9k 30% H7F Al =2 HAFE LY. aER
golold 2T AE 29 30% H7hste] Az ol 7
Ak

&

— O

SEER =
o FFg Fol

Aolas vE F A

1. A2k oo 7, g . 2002. A #e+e] o]s). AT 3HAL, A
<. p 89-90, 174.
2. S g e 1998, A FHA M o] 2. AN T,

AL, p 10, 14-18.
3. &7 2003, A A A2, AFESAL AL p 174-175.
4. http://www.rlsi.gokr/. &EAEATL AFAHERE (A 63}
73).

5 FFAZFTARSI]. 2005. ERAA A S R UE Y A

6. Chung OK. 1981. A three way contribution of wheat flour

lipids, shortening and surfactants to bread-making. Korean

J Food Sci Technol 13: 74-89.

HAZAR 2005 UATG - FUFAL

L ALeA 2003 R BA. dlFE2 A€ p 108.

. Song ES, Kim SJ, Kang MH. 2001. Characteristics of low
calorie layer cake by adding different levels of polydextrose.
Korean J Soc Food Cookery Sci 17: 367-372.

10. Song ES, Kim SJ, Kang MH. 2002. Physical and sensory
characteristics of low calorie layer cake made with different
levels of hydrolyzed oat flour. Korean J Food Sci Technol
34: 51-56.

11. Kim HY, Kim YH. 2003. Optimization of the reduced-calo—
rie yellow layer cake preparations. Korean J Food Culture
18: 37-44.

© 00 =

e 4

P
=

12. Song ES, Kim SJ, Byun KW, Kang MH. 2002. Physical and
sensory characteristics of low—calorie layer cake made with
maltodextrin. J Korean Soc Food Sci Nutr 31: 1005-1010.

13. Suh DS, Chang PS, Kim KO. 2001. Physicochemical and
sensory characteristics of layer cake containing selectively
oxidized cellulose. Korean J Food Sci Technol 33: 216-220.

14. Lee MH, Chang HG, Yoo Y]. 2005. Effect of the millet and
waxy millet on properties of white layer cake. J Korean
Soc Food Sci Nutr 34: 395-402.

15. Kyung MS, Chang HG, Lee YT. 2001. Effects of emulsifiers
on the properties of white layer cakes prepared from geur-
umil flour. J Korean Soc Food Sci Nutr 30: 877-881.

16. Lee MH. 2003. Effects of the millet and sorghum added on
making and storage properties of the white layer cake. MS
Thesis. Sejong University, Seoul, Korea.

17. Kim YA. 2003. Effects of mulberry leaves powders on the
quality characteristics of yellow layer cakes. Korean J
Food Sci Technol 35: 871-876.

18. Kim YA. 2005. Effects of Lycium chinense powders on the
quality characteristics of yellow layer cake. J Korean Soc
Food Sci Nutr 34: 403-407.

19. Abdel-Nabey AA, Shehata AAY, Ragab MH, Rossell ]JB.
1992. Glycerides of cottonseed oils from Egyptain and other
varieties. Riv Ital Sostanze Grasse 69: 443-447.

20. Lonnqvist F, Wennlund A, Arner P. 1997. Relationship be-
tween circulating leptin and peripheral fat distribution in
obese subjects. Int J Obes Relat Metab Disord 21: 255~
260.

21, 723 1999, AE d73Es) B4, A€ p 39-40.
22. Rasper VF, Kamel BS. 1989. Emulsifier oil system for re—
duced calorie cake. J Am Oil Chem Soc 66: 537-540.
23. Enova™ oil is a new tool for maintaining a healthy weight.

ADM Kao LLC.

24. Kwon SJ, Han JJ, Rhee JS. 1995. Production and in situ
separation of mono- or diacylglycerol catalyzed by lipase
in n-hexane. Enzyme Microb Technol 17: 700-704.

25. Maki KC, Davidson MH, Tsushima R, Mastsuo N,
Tokimitsu I, Umporowiez DM, Dicklin MR, Foster GS,
Ingram KA, Anderson BD, Forst SD, Bell M. 2002.
Consumption of diacylglycerol oil as part of a reducer-en-
ergy diet enhances loss of body weight and fat in compar-
ison with consumption of triacylglycerol control oil. Am J
Clin Nutr 76: 1230-1236.

26. AOCS. 2002. DAG and Food Formulation. Inform 13.
American Oil Chemists’ Society, Champaign, IL, USA. p
550.

27. Cha BR. 2005. Effect of dietary 1,3-diacyloglycerol on post-
prandial triacylglycerol response and weight reduction. MS
Thesis. Yonsei University, Seoul, Korea.

28. [l BATL] 7€ B EA 4. 2005 vITH} o
F#e]. d=gEgrEgdRY, A€ p 81-93.

29. Matsuo N. 2004. Nutritional characteristic are health bene-
fits of diacylglycerol in foods. Food Sci Technol Res 10:
103-110.

30. Pszczola DE. 2003. Putting weight-management in—
gredients on the scale. J Food Technol 57: 42-57.

31. Murase T, Mizuno T, Omachi T, Onizawa K, Komine Y,
Kondo H, Hase T, Tokimitsu I. 2001. Dietary diacylglycerol
suppresses high fat and high sucrose diet-induced body fat
accumulation in C57BL/6] mice. J Lipid Res 42: 372-378.

32. = A r|EH B AT o 9 #HEr])eF . 2005. tholopd
ZYUAERFY 2715 AE JAl. Vol 682. http://www.
kao.co.jp/corp/news/2005/2/n20050624-01re.html.

33. AACC. 2000. Approved Methods of the American Associa—
tion of Cereal Chemists. 10th ed. The American Association



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

golold2e Mg 29 A

of Cereal Chemists, St. Paul, MN, USA.

Kim HY. 1997. Effects protein contained in major in—
gredients with treated emulsifiers on chemically leavened
reduced-calorie cake as baked product model systems.
Korean J Soc Food Sci 13: 185-191.

Fujiyama Y. 1981. The Method of Experiment. Japan Inter-
national Baking School, Tokyo. p 3-57.

Ahn JM, Song YS. 1999. Physico—chemical and sensory
characteristics of cakes added sea mustard and sea tangle
powder. J Korean Soc Food Sci Nutr 28 534-541.
Bourne MC. 1978. Texture profile analysis. J Food Technol
p 32-62.

Kim KO, Kim SS, Sung NK, Lee YC. 1993. Sensory evalua—
tion and application. Shinkwang, Seoul. p 207-225.

Ash D], Colmey ]JC. 1973. The role of pH in cake baking.
Baker’s Digest 47: 36-42.

Matthews RH, Dawson EH. 1966. Performance of fats in
white cake. Cereal Chem 43: 538-546.

Berglund PT, Hertsgaard DM. 1986. Use of vegetable oils
at reduced levels in cake, pie crust, cookie and muffins. J
Food Sci 51: 640-644.

Moon SH, Oh HS, Lee MH. 1995. Physical and sensory
characteristics of butter sponge cakes prepared with soy-
bean oil and hicook. Korean J Soc Food Sci 11: 323-329.
Sahi SS. 1998. Influence of aeration and emulsifiers on cake
batter rheology and textural properties of cakes. 9th—11th.
UMIST, Manchester, U.K.

Howard NB. 1972. The role of some essential ingredients
in the formation of layer cake structures. Baker’s Digest
46: 28-37.

Chung NY, Choi SN. 2006. Quality characteristics of pound
cake with olive oil. Korean J Food Cookery Sci 22:
222-228.

Choi SN, Chung NY. 2006. Quality characteristics of pound

48.

49.

50.

51.

52.

53.

54.

55.

56.

A dolo] Aolas] FAEA

783

cake with vegetable oils. Korean J Food Cookery Sci 22:
808-814.

. Johnson AC, Hoseney RC. 1979. Chlorine treatment of cake

flours. III. Fractionation and reconstitution techniques for
cly—treated and untreated flour. Cereal Chem 56: 443-445.
Kissell LT, Yamazaki WT. 1979. Cake baking dynamics.
Relation of flour—chlorination rate to batter expansion and
layer volume. Cereal Chem 56: 324-3217.

Spies RD, Kirleis AW. 1978. Effect of free lipids on cake
baking potential. Cereal Chem 55: 699-704.

Pyler EJ. 1998. Cake baking technology. In Baking Science
and Technology. Sosland Publishing Co., Merrian Kansas,
USA. Vol 2.

Paton D, Larocque GM, Horme J. 1981. Development of
cake structure. Influence of ingredients on the measurement
of cohesive force during baking. Cereal Chem 58: 527-529.
Yang HY, Cho Y], Oh SS, Park KH. 2003. Effect of ratio
and temperature of soybean oil or butter on the quality of
sponge cake. Korean J Food Sci Technol 35: 856-864.
Sych ], Castaigne F, Lacroix C. 1987. Effects of initial
moisture content and storage relative humidity on textural
changes of layer cakes during storage. J Food Sci 52:
1604-1610.

Lim SH. 2004. A study on the rheological properties of the
dough with olive oil and quality characteristics of white pan
bread. MS Thesis. Konkuk University, Seoul, Korea.
Gordon J, Davis EA, Timms EM. 1979. Water-loss rates
and temperature profiles of cakes of different starch content
baked in a controlled environment oven. Cereal Chem 56:
50-57.

Mizukoshi M, Maeda H, Amano H. 1980. Model studies of
cake baking II. Expansion and heat set of cake batter dur-
ing baking. Cereal Chem 57: 352-355.

(2008 39 6¢ A< 2008 59 13 AH9)



