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Influence of Emulsifiers and a-Amylases on the Quality of Frozen Dough
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Abstract Effects of a-amylases and emulsifiers on characteristics of frozen bread dough were examined during 12 weeks of
storage. Fungal or bacterial a-amylase and various emulsifiers, including monoglyceride (MG), sodium stearoyl-2-lactylate (SSL),
and diacetyltartaric acid ester of mono- and diglycerides (DATEM), were added to frozen dough individually and as mixtures.
Height of frozen dough at maximum development time, total volume of CO, gas, and retention volume increased with increasing
content of emulsifiers. indicating addition of enzymes and emulsifiers had significant effect on flexibility of starch-gluten complex
in dough. Frozen dough made with bacterial a-amylase showed slightly higher pH during storage than that of frozen dough with
fungal o-amylase. Bread made from frozen dough prepared with both enzymes and emulsifiers showed lower specific loaf
volume than that of control during storage, whereas highest specific loaf volume was obtained with addition of fungal o-amylase

with SSL+MG and bacterial a-amylase with MG
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a-Amylase= E2BA HEE Bt FHoldA FHE o-
amylase(Gist-brocades BSD B.V, Delfi, Holland)= 0.01 ghkgs
AHE-SFA R, Mol Al F8lE a-amylase(Genencor International
Asia Pacific PTE, Ltd., Winsland House, Singapore)= 0.002 g/kg
= ARt

el 7R st Akl (crumb softener)® AFEH =
monoglyceride (MG AHEHIRAZ, Korea) 0.5%9F W= 733}
(dough strengthener)Z AME-%+& sodium stearoyl-2-lactylate(SSL,
A vl 3, Korea) 0.5%, diacetyltartaric acid ester of mono-
and diglyceridestDATEM, Ketry Bio-Science, Singapore) 0.5%,
I3 SSL 0.3%SF MG 02%E E33e] AMgsiint.

e Age "M 159, HEAR), B, fresh yeast
HenicoF)], A=A LA, AL [(F)EF], 2EYQ[EU7EE)],
L(+)-Ascorbic acid (Kanto Chemical Co., Inc. Tokyo, Japan)E
ARg-BESATY

Frozen dough Mz gy

Aol vighES Table 13 2How duk W=& AACC 10-10b
12y A5 793 2 (straight dough method)©. 2 319}
o W W AlE We Fig 13 o] §4¢F F3E mixing
A Foll Arkel= W% WS (frozen dough methodyS AME-3}
Ak

Az T4 937 (Maximat N-40S, G L. Eberhardt GmbH,
Grifelfing, Germany)Z @3 ©AI7MA] &35l HkE 225
20£0.5°C, floor time 0-10%, Wi FAIE 45008 2310
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Table 1. Frozen bread dough formulation
(Unit; % of flour basis)

Ingredients Control dough
Flour 100.0
Water 65.0
Yeast (Fresh yeast) 4.0
Sucrose 6.0
Salt 2.0
Non-fat dry milk 3.0
Shortening, non emulsified 4.0

Ascorbic acid 100 ppm

(KOMA CDS, Roermomd, Netherland)oll Z-2 052(24A17h), 15,
25, 47, 87 H 125 AAste] AMgsln R wet 5°C W
HaelA RIS 12417 a5 ¥, Aol Wk 225 20°07F
A FEAA 2w Boll 450 g(&AH] 346: 1% WYsle] L
38°C, = 85%2] LE 7| (Fresh proofer, Daeyung Bakery Machinery
Co., Ltd, Seoul, Korea)Z 23} & ¥ 9 &% 200°C, o} 2
= 220°Ce) A7) LE(FDO-7104, Electric Deck Oven, Daeyung
Bakery Machinery Co., Ltd., Seoul, Korea)ollA] 2087+ 9] AR&
oA 1AIZF W2k & Ag 2 ARSI

Rheofermentometer &3

Rheofermentometer 5-73(13)<= F3 Rheofermentometer(Cheipn
S.A, Villeuneuve La Garenne, France)s AME&}ion, 24L& 9
g HE ARe 2% 285°C, LIMREE 14.0%) 250g ER
(instant dry yeast) 3g, 2199 5g, B2 mixograph HIo|E{dl] 7]Z
g At wet 1294 mLE @ATE. 28] alvelograph mixer®
A 7Rl G (instant dry yeast)S WA Eoll Yil 187F &
Get & 2HH BEZ Hksle 627 E£86ie] 315gS Bohy)
Aol ARgatsitt. 4 2719 Protocole type &= 28.5°C,
Duration 180 mm, 8% FAIE 315g, 9% F7l(weight used
on the sample)s 2kg, Piston standard, Quantity:= 12%%Z 3}
ReH, 8L i f3AE 4 FFEE Friste 347
St A&H o2 Stk I Y NS Table 1S WE WE
H(frozen dough methed)® 2 A|Z3d}e] 315g¥ Easlod 20°C
WEL AFSEA AlEZ AR

Rheofermentometer 578 parameter®] dough development curve
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Fig. 1. Breadmaking procedure from frozen dough.
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Table 2. Rheofermentometric analysis for development of frozen doughs prepared with fungal a-amylase (0.01 g/kg) and emulsifiers

during storage

Treatments Frozen storage (weeks) T," (min) H_” (mm) h¥ (mm) (H_-hyH_ (%)
Control 0 180.0+ 0.0 5.9+0.0° 5.9+0.0° 0.0+0.0°
1 179.3 + 0.5 7.9+02° 7.8+0.2° 1.3+0.5°
2 180.0 + 0.0° 7.4+0.1¢ 74403 0.2 +0.0°
4 180.0 + 0.0° 84+0.1° 8.4+0.1° 0.2 +0.0°
8 180.0 + 0.0° 7.9+0.1° 79+0.1° 0.2 +0.0°
12 180.0 + 0.0° 46+0.1° 46+0.1° 0200
MG 0 163.3+0.8° 53+0.1¢ 5.0+£02¢ 5.7+0.2°
1 180.0 + 0.0° 6.0+0.1° 6.0+0.1¢ 0.2 +0.0°
2 180.0+ 0.0° 7.0£0.1° 7.0+0.1° 0.2 +0.0"
4 180.0 = 0.0° 82+0.1° 82+0.1° 02+ 0.0°
8 180.0 + 0.0° 5.8+0.0° 5.8+ 0.0° 0.2+0.0"
12 180.0 £ 0.0° 3.1+0.1° 3.1+0.1¢ 0.2 +0.0°
SSL 0 180.0 £ 0.0° 53+0.1¢ 53+0.1¢ 0.1£0.0°
1 180.0 + 0.0° 57+0.1¢ 57+0.1¢ 0.2+ 0.0°
2 180.0 £ 0.0? 6.5+0.1° 65+0.1° 0.1+0.0°
4 180.0 = 0.0° 7.4 £0.0° 7.4+ 0.0° 02+ 0.0°
8 180.0  0.0° 57+0.1° 57+0.1¢ 0.2+0.0°
12 180.0 + 0.0° 47+0.1¢ 47+0.1¢ 0.1+ 0.0°
SSLAMG 0 180.0 + 0.0° 72+0.1° 72+0.1° 0.1 +0.0°
1 177.8+0.6" 5.5+03¢ 5.4+0.3¢ 1.8=0.3°
2 180.0 + 0.0° 6.1+£0.1° 6.1£0.1° 0.1+ 0.0°
4 180.0 + 0.0° 7.6 +0.1° 7.6+0.1° 0.2 +0.0°
8 180.0 + 0.0° 50+0.1° 50£0.1° 02+0.0°
12 180.0 + 0.0° 50+0.1° 50+0.1° 0.1+0.0°
DATEM 0 174.7 £0.5" 53+03¢ 52+0.5 1.9+ 0.4
1 180.0 £ 0.0° 724£0.1° 72+0.1¢ 0.2+ 0.0°
2 180.0 = 0.0° 9.1+0.1° 9.1+0.1° 02+0.0°
4 175.3+0.5° 122+0.5" 12.1+0.5° 0.8+02°
8 180.0 + 0.0° 53+0.1¢ 53+0.1¢ 0.1+0.0
12 180.0 + 0.0° 5.5+0.1¢ 5.5+0.1¢ 0.1+0.0¢

" Time of maximum rise expressed in minutes, ”: Height of maximum dough development under constraint, expressed in mm, 9 Height of dough
development at the end of the test (T; 3 hours for a whole test, or T; x for a test manually interrupted), ¥: Lowering of the development percentage
after 3 hours compared to T,, ¥ Mean % SD based on 3 samples, **: Means with different superscripts in a column of each amylase are significantly

different at p <0.05 by Duncan's multiple range test.
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Table 3. Rheofermentometric analysis for development of frozen doughs prepared with bacterial o~amylase (0.002 g/kg) and emulsifiers

during storage

Treatments Frozen storage (weeks) 7," (min) H,” (mm) h? (mm) (H -hyH " (%)

Control 0 180.0 £ 0.0 5.9+ 0.0¢ 5.9+0.0° 0.0 = 0.0¢
1 179.3 + 0.5 7.9+02° 7.8£0.2" 1.3£0.5°

2 180.0 + 0.0 74+0.1° 74+0.1¢ 0.2 +0.0°

4 180.0 + 0.0° 84+0.1° 8.4+0.1° 0.2 +0.0°

8 180.0 £ 0.0° 7.9+0.1° 7.9+£0.1° 02+00°

12 180.0 £ 0.0° 46+0.1° 46+0.1¢ 02+0.0°

MG 0 180.0 + 0.0° 5.1+0.1¢ 5.1+0.1¢ 0.2 =0.0°
1 180.0 + 0.0 63+0.1° 63+0.1° 0.2 +0.0°

2 180.0 + 0.0 7.8+0.1° 7.8+0.1° 0.2+0.0°

4 180.0 + 0.0" 7.8+0.1° 78+0.1% 0.2 £ 0.0°

8 180.0 = 0.0 5.6+0.1° 56+0.1¢ 0.2+0.0°

12 180.0 £ 0.0° 5.1+0.1¢ 51£0.1¢ 0.2 £ 0.0°

SSL 0 180.0 £ 0.0° 5.0+0.1¢ 5.0£0.1¢ 0.2 £0.0°¢
1 1573+ 0.9° 56+0.3¢ 55402 1.8+ 0.5%

2 180.0 £ 0.0° 85+0.1° 85+0.1° 0.2 +0.0¢

4 177.0 = 0.8 8.5+0.3 84+0.5° 12+02°

8 180.0 = 0.0° 75+0.1° 75+£0.1° 0.2+ 0.0°

12 1773+ 0.5 3.5+0.5° 34+04° 29+08°

SSL+MG 0 180.0 + 0.0° 72+0.1° 72+0.1" 0.2+ 0.0°
1 180.0 + 0.0° 81£0.1° 8.1+0.1° 0.2+ 0.0°

2 180.0 £ 0.0° 62+0.1° 62+0.1° 0.2 +0.0°

4 177.5+0.5" 8.5+0.3° 8.4+03° 12+03°

8 180.0 £ 0.0° 49+0.1¢ 4.9+0.1¢ 0.2 +0.0°

12 177.5+0.8° 49+05¢ 48+0.6° 2.0£0.5

DATEM 0 165.8 £ 1.6° 5.0+ 0.5 49+0.5¢ 20+05
1 180.0 + 0.0 6.8+0.1° 6.8+0.1° 0.2 +0.0°

2 178.3+0.8° 82+0.3 8.1+03° 1.2+0.5

4 180.0 + 0.0° 10.7+0.1° 10.7+0.1° 02+0.0°

8 180.0 £ 0.0° 53+0.1¢ 53£0.1¢ 02+00°

12 180.0 = 0.0° 5.4+0.1 54£0.1¢ 02+00b

": Time of maximum rise expressed in minutes, ?: Height of maximum dough development under constraint, expressed in mm, *: Height of dough
development at the end of the tes(T; 3 hours for a whole test, or T; x for a test manually interrupted), ¥: Lowering of the development percentage
after 3 hours compared to T;, ¥: Mean £ SD based on 3 samples, “*: Means with different superscripts in a column of each amylase are significantly

different at p < 0.05 by Duncan's multiple range test.
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Table 4. Rheofermentometric analysis for changes in gaseous releases of frozen doughs prepared with fungal c-amylase (0.01 g/kg) and

emulsifiers during storage

Er 7o 7 Total Volume of Volume of Retenti.on
Treatments 'O(Zf’v';eslt(z;age m volume” CO, lost” retention® Coefficient
(mm) (min) (mL) (mL) (mL) (%)
0 67.3£02° 11.0£0.8° 91.3+0.5 1131.3+6.8 2042+1.5 9274+81°  81.9=0.1"
1 66.6+ 0.4 117.0+0.5¢ 1243+ 04° 1337.6+62° 61.7+1.8 12763 +2.2%  954+0.2°
2 65.8+04° 1173+ 0.6 1243+04° 1340.5+95  73.0+1.6° 12673+49°  94.6+0.1¢
Control 4 63.7+404°  1207+£05 1208+05° 13255+88  854=28 1240556 93.6+0.1°
8 53.7+0.6° 1654+0.5"  168.5+0.5" 1000.8+52° 122 +2.7° 988.5+7.7% 98.8+0.1°
12 34609 180.0+0.0° 180.0+0.0° 517.6+8.6° 20407 5154+29"  99.6+0.0°
MG 0 70.3+0.2° 113205 1355407 13945+7.8  83.0+£25 1311.6+74  94.1+0.2¢
1 67.640.4° 1175405  141.7+£12% 1352.6+7.5° 39.7+£1.7° 1313.5+£76° 97.1+0.2°
2 63.3 +0.6° 141.0£03° 150013 1155554 22.5=4.0° 1133.6+5.8 98.1=x0.1"
4 61.6+ 0.4 132.8+0.74  1333+0.5 1246.6+3.7 385+38  12085+4.5" 97.0£0.0°
8 540+ 0.3 1783+ 0.6" 1783+03" 856.5+ 6.4° l.1+0.1¢ 855.5+£6.8°  998+0.I°
12 374x04 180.0 + 0.0° 180.0 + 0.0 698.7+10.7 2.0=0.9¢ 696.3+7.9° 99.7+0.1°
SSL 0 69.4+0.8° 105608 1265+0.5 1400.8+4.5 853+56" 13155+54° 939404
1 66.7+0.4° 1263 £ 0.6 1273+ 0.6° 13135494 495+42" 12645+62° 962+02°
2 62.6+ 04 141.5+£02"  1393+£13% 11985+£102° 14727 1184.4+5.8° 98.9+0.2
4 62.8 +0.4° 1477070  1543+0.6° 1171.8+6.8° 185£25 11520=6.7% 984x0.2°
8 57.1+£0.6 153.8+ 09" 1508+0.7 10947+7.7¢ 226+3.6° 1072.5+74° 98.0+0.1°
12 529+£0.8° 1594+£12°  1595+0.5 10463+11.4 7314 1039587 994=x0.1°
SSL+MG 0 70.5+04° 123.3+0.7 1383+0.5°  1282.7+99° 69.4+£1.8 1213.4+86° 94.6+0.2°
1 68.0+ 0.5 1063+£0.66  1263+05° 14786+ 10.5° 119.1+£27° 13592+9.77 92.0+0.4"
2 65.1£05¢ 105.5 £ 0.6° 1245+£03° 13826677 850+1.3" 12978+87  93.8+02°
4 63.9+0.7° 129.3+0.8° 1603+0.7°  1256.7+4.5¢ 41.7+£09° 1215069 96.7+0.1°
8 57.0+0.4¢ 141.5+04"  1603+1.1° 11154+£9.7° 284+05 1087.3+£9.7° 97.5=02°
12 52.9+0.2° 177.8+ 0.8  1663+0.9° 10522+114" 22.0+0.5" 1030.8+3.8 97.9£0.1
DATEM 0 73.2+04° 123.3+1.2° 1483+0.8 13954+83" 45.1+1.5  1351.8+104° 96.8+0.2°
1 66.6 £ 0.5 141.5£08  141.5+1.2° 1249.7+74° 305+07° 12197+9.1° 97.6+02°
2 58.5+0.4° 1473+0.8"  177.7+0.8 11156+ 124  7.0+0.2¢ 11074 +£11.7° 993+0.3°
4 58.3+0.6° 153.8+03*  1565+1.8" 1082.8+5.3¢ 84+06% 10749+68" 992+0.2°
8 56.9+08  1356+04%  15343+05°  11526+9.6° 425+26°  11108+£3.7 963+02°
12 525+ 1.1¢ 147.5+0.5°  1475+0.6° 1057.5+52° 11312 1046.7+5.5°  99.0=x0.1°
: Maximum height(mm) of the gaseous release curve, *: Time (hr) spent to reach /', *: Appearance time of dough's porosity (time when the

dough begins to CO,), ¥ Total volume of gaseous release in mL (A1+A2),

?: The carbon dioxide volume released by the dough during its

fermentation (A2), ®: Carbon dioxide volume in mL kept in the dough at the end of the test (Al).
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Table 5. Rheofermentometric analysis for changes in gaseous releases of frozen doughs prepared with bacterial c-amylase (0.002 g/kg)

and emulsifiers during storage

. oo 7 7 Total ’ Volume of Volume of Retenti.on

Treatments - roZen slt(orage m s volume” CO, lost” retention® Coefficient
(weeks) (mm) (min) (min) (mL) (mL) (mL) (%)

Control 0 673+02° 111.0£0.8° 913+05 1131.3+6.8° 2042+ 1.5° 9274+8.1° 81.9+0.1

1 66.6+04"  117.0£05%  1243£04° 1337.6+62* 61.7+1.8  12763+22° 954+02°

2 65.8+04° 117.3+£0.6 124304 1340.5+£9.5  73.0+1.6° 12673+49" 946+0.1°

4 63.7+04° 120.7+0.5¢  1208+0.5° 13255+8.8 854+28  1240.5+56° 93.6+0.1°

8 53.7+ 0.6 165.4+0.5° 168.5+£0.5"° 1000.8+52° 122+2.7¢ 088.5+ 7.7 08.8+0.1°

12 34.6+0.9° 180.0+0.0°  180.0=0.0° 517.6+8.6° 20+0.7 5154429 99.6+0.0°

MG 0 71.1+£0.2% 1143+0.8° 1783 £0.8° 14295+ 13.7* 653+0.5" 1364.7£108% 954+02°

1 67.9+0.5" 175+ 1.19  1265+12" 13645+£9.9" 487+05  1316.0+3.8" 965+03

2 67.3+0.4° 1295+ 1.3°  1363+0.7° 12587114 50.7£0.5° 1208769 96.0+0.2°

4 64.9+ 0.4 117.3£05%  1393+05° 13570+7.6° 82.0+0.8 1275.7+56° 94.0+0.2¢

8 57.7+0.7 1413£0.7"° 160314 11324+55 157+03° 117.0+47° 98.7+0.3°

12 547+ 0.6° 147.5+£0.6° 150.0+09° 1081.5+45 16.7+1.7¢ 1066.8+11.8" 98.6+ 0.1

SSL 0 68.2+0.5 1233£0.7% 1523 £1.0° 13107125 41.0+1.3° 12698+ 10.6° 969%02°

1 66.6 + 0.4° 1233+ 1.5¢ 1380+ 1.7" 12903 +£9.4° 50027 1240.7 +7.7° 96.1+0.3¢

2 64.4 +0.5¢ 135.6+ 1.3¢ 1423 +£0.9° 1248.8+6.6° 483 +0.8° 1200.0 £ 4.3¢ 96.2 + 0.4¢

4 612+0.7 135.5+£0,8 147.5+0.7¢  1215.7+8.4¢ 26.7+1.2° 1189.0 +4.2¢ 97.8+0.2¢

8 57.8+0.6° 159.8£0.9° 159008  1046.7+£103° 13.7+0.5¢ 10333+ 12,55 98.8+0.4°

12 36.1£04" 180.0 £ 0.0° 180.0 + 0.0° 5719+ 11.8° 2.0+0.2° 5699+ 11.7° 99.7+0.3°

SSL+MG 0 67.3+ 04" 123.3+0.5¢ 1393+£14% 1318.8+13.5* 454+ 1.3¢ 12724 £ 12.8" 96.5+0.2°

1 67.3+0.8° 129.5+ 1.4 156.5+£0.6° 1262.0+6.5" 435+0.8° 1219.6 £5.7° 96.6 + 0.4°

2 65.4+0.5° 177724 1423+ 14° 12397+3.7° 555+15° 1184.6+43  955+03¢

4 61.2+05° 135.0£1.6°  147.0+0.9° 12155+75°  266+07° 1189.8+64° 97.8+02

8 56.7+0.5 141.0+£0.5"  1483+2.1"  11450+100"° 195+0.6° 11262+89 983+02°

12 564 +0.7 1358+ 0.6°  133.3+£0.5° 11799+87 63.5+£2.1° 1115.6+7.8° 94.6+0.4°

DATEM 0 74.1£04° 177.5+0.5° 1753+ 1,10 1459.7+94* 81.6+25 1378.6+8.8  944+0.3°

1 70.9 £ 0.4° 1296+ 1.5°  1363+0.6° 1337567 500+13° 12874+64" 963+05

2 69.24£0.5° 1243+04% 127308  13394x55"  522+12° 12873456 96.1+04°

4 67.5+ 0.5 1233£06'  1323£0.6° 1307.8+12.5° 522+1.0° 1255.7+10.8 96.0+0.5

8 62.0+0.4° 1233+ 1.5 1323+1.3% 12595+ 0.8° 76.6 £ 0.8° 11846 =2.5¢ 94.0+0.5°

12 59.8+ 04" 141709  1415+08" 1167.0+10.8° 344+09° 1133.8+10.5° 97.1 =05

" Maximum height(mm) of the gaseous release curve, *: Time (hr) spent to reach A, ¥ Appearance time of dough's porosity (time when the
dough begins to CO,), V: Total volume of gaseous release in mL (A1+A2), ¥: The carbon dioxide volume released by the dough during its
fermentation (A2), “: Carbon dioxide volume in mL kept in the dough at the end of the test (Al).
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Fig. 2. Changes in pH of frozen doughs with fungal o-amylase
(0.01 g/kg) and various emulsifiers during storage.
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Fig. 3. Changes in pH of frozen doughs with bacterial c-amylase
(0.002 g/kg) and various emulsifiers during storage.
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Fig. 4. Changes in specific loaf volume of bread made from
frozen doughs with fungal o-amylase (0.01 g/kg) and various
emulsifiers during storage.
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Fig. 5. Changes in specific loaf volume of bread made from
frozen doughs with bacterial o-amylase (0.002 g/kg) and various
emulsifiers during storage.
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