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Baking Qualities of Bread Dough Substituted with High Amount of
B-Glucan from Agrobacterium spp. R259 KCTC 10197BP
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Abstract Baking quality of dough made of flour substituted with insoluble B-glucan (10, 20, and 30%), functional food
material produced from Agrobacterium spp. R259 KCTC 10197BP, was evaluated. Optimum time to reach Ist stage of
dough fermentation decreased with increasing B-glucan content, whereas mixing time increased. Addition of B-glucan did
not affect pH of dough. Hunter color L, a, and b values of dough added with up to 20% B-glucan were not significantly
different from those of control. Rheology properties such as cohesiveness and springiness of B-glucan added dough
increased, while hardness and gumminess decreased. Amylogram showed addition of B-glucan to flour lowered setback
and consistency, which are suggested to delay retrogradation.
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Table 1. Ingredient of milk bread with different amount of 3-glucan (uint:g)
Ingredients Control GP 10%" GP 20% GP 30%
Flour 543.0 (100.0" 521.1 (100.0) 464.6 (100.0) 408.1 (100.0)
B-glucan paste 0.0 100.0 200.0 300.0
Yeast food (S-500) 54 (1.0 6.3 (1.0) 6.8 (1.0) 7.0 (1.0)
Salt 9.1 (1.7) 9.1 (1.5) 9.3 1.4) 8.9 (1.3)
Sugar 36.2 (6.7) 40.8 6.6) 422 (6.4) 42.8 6.0)
Milk 316.7 (58.3) 290.0 46.7) 245.0 (36.9) 202.1 (28.5)
Yeast 13.6 2.3) 14.5 (2.3) 15.2 2.3) 15.6 2.3)
Butter 21.7 4.0 18.1 29 16.9 (2.5) 15.9 22
Water 54.3 0.0 0.0 0.0
Total weight 1,000.0 1,000.0 1,000.0 1,000.0

"G.P.: B-glucan paste. Percentage means the weight % of total weight.

Ipercentage of total weight of flour and B-glucan paste.
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Table 2. The time to reach mixing, fermentation and baking of
the milk bread with different -glucan concentration (unit: min)

Stage Control GP 10% GP20% GP 30%
Mixing time 20 24 24 28
1st fermentation time 40 36 30 42
Bench time 10 10 10 10
2nd fermentation time 52 50 42 42
Baking time 20 20 20 20
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Fig. 1. Volume of the dough with different B-glucan concentration

during fermentation. 4 control, /A: dough of GP. 10%, (J: dough
of GP. 20%, *: dough of GP. 30%. * Stars above the data points

mean significantly different at p < 0.05.
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Table 3. Changes in pH of the dough with different (-glucan
concentration during fermentation

After mixing After ls.t After 2n_d
fermentation fermentation
Control 5.66°" 5.53° 5.42°
GP. 10% 5.44° 5.49% 5.46"
GP. 20% 5.43* 544 5.51°
GP.30% 5.44° 541° 5.54¢

YMeans in the same column with the same letters are not significantly
different at p <0.05.
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Table 4. Change in hunter color value of the dough with different B-glucan concentration during fermentation

L value a value b value AE?Y
Control 86.41°" 1120 17.55% 0.00
After i GP. 10% 83.39° 030 2027 0.68
ermixing GP. 20% 84.14% 0.33* 18.73% 1.83
GP.30% 87.18 -1.05* 16.48 120
Control 85.01* -0.48° 19.43° 0.00
After 1o formentati GP. 10% 84.69* -0.99* 20.60° 1.22
rmen

entation GP.20% 86.85* 027 17.43 1.84
GP.30% 84.53° 1.44b 17.22¢ 1.80
Control 84.53° -0.34° 2555 0.00
GP. 10% 84.80° -0.26* 2321° 1.38

A .
fter 2nd fermentation GP. 20% 85.16* -0.15° 2017 2.18
GP.30% 84.83° 0.62° 17.01° 5.17

"Means in the same column with the same letters are not significantly different at p <0.05.

“Delta E values of control in every stage are standard.
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Table 5. Changes in springiness, hardness, gumminess, cohesiveness and adhesiveness of the dough with different p-glucan

concentration during fermentation

After mixing After 1st fermentation After 2nd fermentation
Control 0.774£0.123*Y 0.697£0.074 0.622 £0.095*
GP. 10% 2 b b
Springiness ’ ° 0.811£0.110 0.821£0.087 0.802 £0.042
GP. 20% 0.829£0.130° 0.867+0.042° 0.718£0.074"
GP. 30% 0.819£0.071¢ 0.800£0.057° 0.783 £0.059*
Control 2,469 £351° 1,749 £ 175 1,263 +210°
GP. 10% +352° b b
Hardness () 00 1,909 £352 ‘ 1,966 £ 157 1,284 £97
GP. 20% 2,343 £203% 2,288+ 87" 1,236 £ 158"
GP.30% 1,244 £78* 958 £ 112 875+133°
Control 2,109+ 305 1534 £ 80° 630+ 139°
G . GP. 10% 2,042 £47° 1502+ 162° 599 188"
umminess 0 b b
GP. 20% 1,847£221 1782+ 166 533+ 163"
GP.30% 1,103+ 141° 627+ 131° 594 £155°
Control 0.774 £0.100° 0.852£0.055° 0.461£0.024°
GP. 10% + a + ¢ ?
Cohesiveness ” o 0.830£0.103 0.745 £0.056 0.465 £ 0.046
GP.20% 0.851 £0.040° 0.796 £0.108° 0.436%0.133*
GP.30% 0.886 £0.088" 0.658 £0.067¢ 0.624 £0.105
Control -1042 178 -1095 + 126" -923 £ 130
Adhesivencss GP. 10% -931 £ 141* -759+173¢ -1485+122°
GP.20% -1274+ 167 -1288 +250° -1651£397°
GP. 30% -952 1189 -658 £ 125° 5741157

"Means in the same column with the same letters are not significantly different at p < 0.05.
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Table 6. Brabender amylograph characteristics of flour with different 3-glucan concentration

Control GP 10% GP 20% GP 30%
Initial pasting temp. (°C) 55.0 59.5 62.5 65.5
Peak viscosity (B.U.) 780.0 537.0 378.0 201.0
Temp. at peak viscosity (°C) 91.0 91.8 92.5 95.5
Viscosity at 95°C (B.U.) 600.0 450.0 350.0 200.0
95°C, 15 min (B.U.) 491.0 356.0 271.0 188.0
Viscosity at 50°C (B.U.) 1,040.0 765.0 557.0 330.0
Breakdown" (B.U.) 180.0 87.0 28.0 1.0
Setback” (B.U.) 260.0 228.0 179.0 129.0
Consistency” (B.U.) 440.0 315.0 207.0 130.0

UBreakdown: Peak viscosity — Viscosity at 95°C.
“Setback: Viscosity at 50°C — Peak viscosity.
IConsistency: Viscosity at 50°C — Viscosity at 95°C.
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Fig. 4. Scanning electron micrograph ( X1,500) of fresh mixed dough and fermented dough with different 3-glucan concentration. Bar
means 10 um length. A: fresh mixed dough of control, B: 1st fermented dough of control, C: 2nd fermented dough of control, D: fresh mixed
dough of GP. 10% E: 1st fermented dough of GP. 10%, F: 2nd fermented dough of GP. 10%, G: fresh mixed dough of G.P. 20%, H: 1st
fermented dough of G.P. 20%, I: 2nd fermented dough of G.P. 20%, J: fresh mixed dough of G.P. 30%, K: 1st fermented dough of G.P. 30%, (L)
2nd fermented dough of G.P. 30%.

7hgo] HE4E WA ] F7ieh i whge Al A e fodezw Zidygd. WY pHe & A 2
= Tk REEe] HEWHHL Bglucan 20% 7P #F8& AA| = 7% JERH oW Bglucan F7HE
-glucan 7o) S7VEFE SIS B-glucan 30% FH7HA & v SUEAT g B4 F 9EAdS Bglucand] 7Y



354 =2 F83)R) Al 38 A Al 3 5 (2006)

ol ST wet ksl Axe A4sith 7442 B-glucan
10 2 20% A7k 3¢ tiZ223) 210]7h 19 B-glucan 30%
A7REE fred o gl wasiyo] g wel uks
g4, A4, A= 2 S0l BF gaske AT BYe "},
B-glucan 7}l wE F2)2<l Wsh= IATh Amylogramol A
TphA =S} APz Dile &5/t 25 Eokd B-glucan
o] 335 A AAH oM, setback?} consistencyy= 7+Asld -
glucano] Mie3l2 A AAA Z & UL GrlskgTh wkee]
ZU TS FES 439 B-glucan 30% H7FA] B-glucan YA}
ol FEA] REISS o & Uik wEbd AmE A
22 B-glucan H7HES 20% o|8l7} vlgEF Ze® ®wlh

HIE8

—_

.Kang SA, Jang KH, Choi WA, Jung KH, Lee IY. Effects of
dietary B-glucan on adiposity and serum lipids levels in obese
rats induced by high fat diet. J. Korean Soc. Food Sci. Nutr. 31:
1052-1057 (2002)

2.Shim JH, Choi WA, Sang BC, Yoon DY. Immune stimulating
efficacy of insoluble B-1,3-glucan from Agrobacterium sp. R259
KCTC 10197BP. Yakhak Hoeji 46: 459-465 (2002)

. Proctor JW, Stiteler RD, Yamamura Y, Mansell PWA, Winters R.
Effect of glucan and other adjuvants on the clearance of radiola-
belled tumor cells from mouse lungs. Cancer Treated Reports 62:
1873-1880 (1978)

4. Di Luzio NR, Williams DL, Mcnamee RP, Edwards BF, Kitahama
A. Comparative tumor-inhibitory and antibacterial activity of sol-
uble and particulate glucan. Int. J. Cancer 24: 774-779 (1979)

5. Artursson P, Edman P, Ericsson JLE. Macrophage stimulation
with some structurally related polysaccharides. Scand. J. Immu-
nol. 25: 245-251 (1987)

6. Michael M, David M, Deborah BR, Matthew L, Kristen L, Will-
ian G, Myra P, William M. Activation of rat macrophages by
betafectin PGG-glucan requires cross-linking of membrane recep-
tors distinct from complement receptor three (CR3). J. Leukocyte
Biol. 64: 337-344 (1998)

.Jorunn BJ, Barre R. Teast B-glucan stimulates respiratory burst
activity of atlantic salmon macrophages. Dev. Comp. Immunol.
19: 43-57 (1995)

8.0h YK, Kim CS. Effect of green tea powder on dough rheology

and gelatinization characteristics. J. Korean Soc. Food Sci. Nutr.

31:749-753 (2002)

W

~J

9.

10.

I5.

18.

19.

20.

2

—_

22.

23.

24.

25.

Kim YH, Cho NJ, Im MH. Rheology properties of dough and
guality characteristics of bread added with silkworm powder.
Korean J. Food Sci. Technol. 37: 377-388 (2005)

Lee JH, Kwon KI, Bae JH. Phygicochemical properties of bread
dough added with jujube extracts. Korean J. Food Sci. Technol.
37: 590-596 (2005)

. Yook HS, Kim YH, Ahn HJ, Kim DH, Kim JO, Byun MW. Rhe-

ology properties of wheat flour dough and gualities of bread pre-
pared with dierary fiber purified from ascidian (halocythia roretzi)
tunic. Korean J. Food Sci. Technol. 32: 387-395 (2000)

.Choi UK, Yoo BH, Son DH, Kwon DI, Kim MH, Kim YH.

Rheology properties of dough added with batley bran. Korean J.
Food Sci. Technol. 37: 751-756 (2005)

-Kim YH. Effect of silkpeptide on physicochemical properties of

bread dough. Korean J. Food Sci. Technol. 36: 246-254 (2004)

-Bae JH, Woo HS, Choi HJ, Choi C. Physicochemical properties

of onion powder added wheat flour dough. Korean J. Food Sci.
Technol. 35: 436-441 (2003)

Kim YS, Chun SS, Tae IS, Kim RY. Effect of lotus root powder
on the quality of dough. Korean J. Soc. Food Cookery Sci. 18:
573-578 (2002)

-Lee YK, Lee MY, Kim MJ, Kim SD. Effect of chungkukjang

water extracts on the dough fermentation and quality characteris-
tics of bread. J. East Asian Soc. Dietary Life 14: 487-494 (2004)

.Jung DS, Eun JB. Rheology properties of dough added with

black rice flour. Korean J. Food Sci. Technol. 35: 38-43 (2003)
AOAC. Official Methods of Analysis of AOAC Intl. Association
of Official Analytical Chemist. Arlington, VA, USA (1990)

AACC. Approved method of the AACC. 8th ed. Method 22-10.
American Association of Cereal Chemist, St. Paul. MN, USA
(1985)

SAS Institute, Inc. SAS/STAT User's Guide. Version 6.2th ed.
Cary, NC. USA (1988)

.Cho MK, Lee WIJ. Preparation of high-fiber bread with barley

flour. Korean J. Food Sci. Technol. 28: 702-706 (1996)

Maleki M, Noseney RC, Mattern PJ. Effect of loaf volume, mois-
ture contents and protein quality on the sofiness and staling rate
of bread. Cereal Chem. 57: 138-140 (1980)

Lee JY, Lee SK, Cho NJ, Park WJ. Development of the formula
for natural bread-making starter. J. Korean Soc. Food Sci. Nutr.
32: 1245-1252 (2003)

Bennett RE. Baking Science Laboratory, the Amylograph. Ameri-
can Institute of Baking. pp. 3106-3109 (1990)

Kim BS, Jeong MR, Lee YE. Quality characteristic of
muwhakwa-pyun with various starches. Korean J. Food Sci.
Technol. 19: 783-793 (2003)



