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Abstract

The production rates of leavening gases and textures of cookies were investigated with various chemical
leavening agents(baking powders). The chemical leavening agents could be divided into three group of a fast-
acting group such as potassium bicarbonate, tartaric acid, aluminium ammonium sulfate, and fumaric acid, a
slow-acting group such as ammonium bicarbonate, sodium bicarbonate, glucono-3-lactone, and ammonium
chloride, and a double-acting group such as anhydro monocalcium phosphate, disodium dihydrogenpyropho-
sphate, and aluminium potassium sulfate according to the different production rate of gases. The leavening
rate of ammonium bicarbonate, which was the highest of all leavening agents used in this experiment, was
131.25%. But its after-taste in a cookie was not good due to the residual ammonia. Glucono-d-lactone only
had no after-taste. The higher leavening rate, the more peaks in texture profile graph. Ammonium bicarbonate
showed the most peaks in this experiment. It was found that the number of peak had correlation with brit-
tleness of cookies (°=0.8176) and brittleness of cookies was different as to various chemical leavening agents.
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Table 1. Chemical reaction of various leavening acids and sodium bicarbonate

Leavening agents Molecular formula Chemical reaction Salt residue After-taste
Ammonium NH,HCO, NHHCO— NH;+CO.,+H.0 NH, NH; flavor
bicarbonate
Sodium bicarbonate NaHCO; 2NaHCOs— Na,CO:+CO:+H,0 Na,CO, Astringent
Anhydrous monocalcium Ca(H.PO,), Ca(H,PO4)+2NaHCOs— CaHPO, A little bitter
phosphate CaHPO:+Na,HPO,+4CO,+3H,0
Sodium acid pyrophosphate ~ Na,H,P,0, 2Na,H.P;0r+4NaHCO— Na,H,P,0, Salty and sour

NaP,0,+2Na,HPO,+4CO+3H,0
Potassium bitartrate KHCH,O KHCH.Os+NaHCOs— NaC,H;0, Salty
KNaCH:0.+2CO+H;0O
Tartaric acid CHOs CHiO+2NaHCO;s— Na,CH.O, Salty
Na,C.H,0:+2CO»+2H,0
Glucono-6-lactone CeHi0Os CsHi0Os+NaHCOs—-NaCH,,0,+CO, NaCH,,0, None
Aluminium potassium K:SO.ALSO.): K:SO,AL(SO,)s+6NaHCO;— AI(CH),, K:S0,, A little salty, bitter
sulfate 2AI(OH)+H;SO,+3Na;SO,+6CO- Na,SO, and astringent
Aluminium ammonijum (NH),SOALSO.);  (NH.),SO:AL(SO,),+6NaHCOs— AKOH),, A little salty, bitter
sulfate 2AI(OH)+(NH.),SO4+3Na,S0+6CO, (NH,).S0,, and astringent
Na,SO,
Ammonium chloride NH.CI NH.Cl+NaHCO+—» NaCl Salty
NaCl+NH:+CO+H;0
Fumaric acid CH.0, C.H,0:+2NaHCO:— Na,C,H,0, Salty

Na,C:H,0,+2C0,+H,0
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Fig. 1. Amount of gas production with various chemical
leavening agents. A) Fast-acting group V—</: KHC,H,Os,
0—<0: CHO, v—v: CHO, EB—m: (NH)SO,AlL-
(S0,);, B) Slow-acting group O—O: NHHCO;, A—A:
NaHCO,, ®—@: CH,0,, —¢: NH,Cl, C) Double-acting
group TH{J: Ca(H,PO,),, O—C: NaH P05, A—A: Ky
SO,AL(SO,)s.
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Table 2. Formulations of cookies with various chemical leavening agents

Formulation (g)

Ingredients

No.l Ne2 No3 No4 NoS5 Nobt No7 No8 No9 Nol10 No.ll No.12 No.13
Icing sugar 109 109 109 109 109 109 109 109 109 109 10 109 109
Shortening 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225 1225
Salt 36 36 3.6 3.6 3.6 3.6 3.6 3.6 3.6 36 3.6 3.6 3.6
Lecithin 1.2 1.2 1.2 12 1.2 12 1.2 12 1.2 12 1.2 1.2 1.2
Water 35 35 35 35 35 35 35 35 35 35 35 35 35
Soft flour 363 363 363 363 363 363 363 363 363 363 363 363 363
NH.HCO: - 045 182 - - - - - - - - - -
NaHCO;, - 0.92 - 1.82 073 076 0.61 099 061 070 081 111 1.08
Ca(H,PO.): - - - - 1.09 - - - - - - - -
Na.H:P,0, - - - - - 1.06 - - - - - - -
KHC.H.0s - 0.45 - - - - 1.21 - - - - - -
C.HsO¢ - - - - - - - 0.83 - - - - -
CiHi005 - - - - - - - - 1.21 - - - -
K>SO.Al(S0.)s - - - - - - - - - 1.12 - - -
(NH.4):SO,AL(SO0.)s - - - - - - - - - - 1.01 - -
NH.C] - - - - - - - - - - - 0.71 -
C.H.0, - - - - - - - - - - - - 0.74

Table 3. Evaluation of size, weight, loss rate, and leaven-
ing rate of cookies with various chemical leavening
agents

Table 4. Average puncture force, distance, and numb-
er of peak of cookies with various chemical leavening
agents

No Size of a cookie Weight of a Loss rate Leavening No Puncture force Distance Number of
© (LXWXxH) (mm) cookie (g) (%) rate (%) : (gf) (mmy) peak
1 61.80x35.00%6.13 6.86 -8.53 100.00 1 2017.7£209.2"°  0.54+0.09* 2.17+0.75%
2 61.30x34.40x6.36 6.77 -9.73  114.06 2 2496.4+716.2*"  0.88+0.29* 2.83+0.98
3 61.06x34.40x6.22 6.66 -11.20  131.25 3 2007.8+554.8"°  0.52+0.24% 9.00+3.90°
4 61.60x34.00x5.69 6.76 -9.87 115.60 4 2791.6+475.7° 0.73+0.18" 3.1742.40%
S 60.50x34.30x5.89 6.79 947  110.90 5 2364.3+833.4*™  0.61+£0.26"°  2.17+0.75%
6 61.10Xx34.10x5.89 6.75 -10.00  117.20 6 2138.94+246.1"  0.86+0.18"" 3.33+1.21%
7 61.10x34.50% 5.65 6.74 -10.10  119.00 7 2230.1+413.6*°  1.14+0.29° 2.83+1.60%
8 60.60x34.00x5.74 6.76 -9.90 115.60 8 2131.4+362.4°  0.54+0.16% 3.83+0.98*
9 61.00x34.50x5.83 6.71 -10.50 123.40 9 1844.0-+392.2° 0.48+0.14 6.50+3.51"
10 60.70x 34.20x 6.28 6.76 987  115.60 10 1918.4£227.2"  0.40+0.07° 4.50+1.38™
11 60.60x 34.00x 6.31 6.79 -9.47 11090 11 1818.0+268.6° 0.63+0.37"¢  1.67+0.82°
12 60.80x34.20x6.18 6.83 -8.93 104.70 12 2004.7+520.9"  0.72+0.42"° 2.83+0.98%
13 61.08x34.20x6.10 6.78 960 11250 13 2265.9+234.5"™  0.65+£0.09"°  2.17+0.98%
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Fig. 2. Texture profile graphs of cookies with various
leavening agents. No. 1: control, No. 2: KHC,H,O.+NH,-
HCO;, No. 3: NH,HCO;, No. 4: NaHCO,, No. 5: Ca(H,-
PO,),, No. 6: Na,H,P,0,, No. 7: KHCH,O,, No. 8: C,- H,O,,
No. 9: CH,,0,, No. 10: K,SO,Al(SO,);, No. 11: (NH,),-
SO,AL(S0,);, No. 12: NH,Cl, No. 13: C,H,0..
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Table 5. Evaluation of after-taste and pH of cookies
with various chemical leavening agents

No. Sour  Astringent  Salty Bitter pH
1 567" 1.33% 4.00° 267" 5.97+0.06
2 500 1.67+'%  533° 3.67%  7.11+£0.02
3 233 2.67% 233 367 6.54+0.01
4 233 3.00° 567 567 8.07+0.02
5 833 2.33% 667 6.00°  6.29+0.00
6 833" 2330 667 3.00°7  6.45+0.03
7 733" 3.00° 7.67° 3.67%  5.97+0.02
8 867 4.00¢ 7.67° 2.33%  6.36+0.05
9 100 1.00 2.33 132 6.124+0.01
10 7.33% 6.67 6.67°° 733" 6.25+0.03
1 7.00° 7.33 7.00°  867°  7.16+0.02
12 433 5.33° 6.67°°  4.00°  6.23+0.01
13 6.67 6.67° 567 7.67"  5.97+0.04

"Means of 20 panel tests by 9-point hedonic scale, the high-
er score being the stronger after-taste. “*Any means bearing
different superscripts are significantly different by Duncan's
Multiple Range Test (p<0.05).
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