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IAM 1072 with Response Surface Methodology
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Abstract

This study was carried out to produce the maltooligosaccharides directly from the culture medium
containing high concentration of soluble starch as carbohydrate source by Bacillus cereus IAM 1072.
Optimum conditions for the production of maltopentaose and maltooligosaccharides were predicted
as 10.62 and 10.92 in C/N ratio, 115.74 and 116.51 rpm in agitation speed, 30.19 and 30.90°C, respectively.
And at these conditions, products of maltopentaose and maltooligosaccharides were 23.23 and 50.33g/L,
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respectively. From the results of continuous culture for maltopentaose, the productivity increased
up to 6.9 times, showing 6.6g/L/hr compared with 0.96g/L/hr batch culture. Maltopentaose showed
lower sweetness at 3% concentration representing 1/5 of that sugar. Also, swelling power of maltooligo-
saccharides was reached to the same point with sugar after fermentation.
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Table 1. Values of independent variables and treatment
conditions by the centrol composite experim—
ental design

Variables levels

Variables

-2 -1 0 1 2

C/N ratio(Xy) 2 6 10 14 18
Agitation(X2) 50 75 100 125 150
Temperature(Xs) 20 25 30 35 40
Treatment No. X1 Xy X3
1 -1 -1 -1

2 1 -1 -1

3 -1 1 -1

4 -1 -1 1

5 1 1 -1

6 1 -1 1

7 -1 1 1

8 1 1 1

9 2 0 0

10 -2 0 0

11 0 2 0

12 0 -2 0

13 0 0 2

14 0 0 -2

15 0 0 0

16 0 0 0

17 0 0 0

18 0 0 0




whe g wl B o 93} Bacillus cereus IAM 10729 2E&elma A4 2

38, A4 (stationary point)<= 22} 2] 7|41l 2| &)
A AFRHBE) 2258 vhEA S A F ol %
ul Eale] AEsld a, ol S ulpol TH5H] A

BAE g

—
A el3 maltoooligosaccharides?] x5 242 3%
ZA)3ke] g QA T HALEE Al

=3
AL A A St U S5S FEl )
Roessler?] A E% o] 43le] x214-% stsich

P

U BHH

Table 2°] wigta]el o s wighr|2 A8 E &
g ukEslgi o o] HEE-E 100g # ake] WA Hel Y1
oA A zkeie} kg A A g A (17,18) ) wheh 24}
stolch o)m) wrEEAL 27-20°C, X7} 7T5~80%
olqlrl.

Ad

A
Mee| F219)

vl okl 5mie} 0.05 N-HzSO4 2miE 9 12 100°CE
R g 2ol A 3087} FEbgE ¥ 4143 100ml AH7
flaskell W dch. o3 7)ol W23k F75 20mlE 7}t
o] 20°Coll A} 25% WA & KI-L £ 0.2mlE ¥
aubalgith 308 Fofl 520nmel A S FF =5 SA s
2 FEIHozHE HEaS Felgich

ol 24

v ok el 2 2] A e phenol-sulfuric acid'd (20), ¥l
ofol ol A% maltooligosaccharides®] %< HPLC
2 Ay #x21Le An13)e Zoh

A A1 = maltooligosaccharides®} =& o}-2- A1(7)

= 3ok,

Table 2. Conditions of swelling power

Material Concentration(%)
Wheat flour 70

Yeast 2

Y. Food # 11" 0.1

Sugar or maltooligosaccharides 3

Water 41

YNH/Cl 25.6%, CaSO; 10.4%, Amylase 1.2%, Starch 62.8%
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Fig. 1. Time course of maltooligosaccharides production

by optimum medium.
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Table 3. Least-square estimation of response and error table
No Yll) le) Y-Expected Y2-Expected Erron Errorz
1 22.0 10.2 1931 7.33 2.6929 2.8670
2 22.6 7.38 2432 9.03 -1.7196 -1.6530
3 35.0 174 27.69 14.77 7.3054 2.6270
4 14.9 184 2097 16.62 -6.0696 1.7770
5 454 19.2 38.96 21.13 6.4429 -1.9330
6 14.1 7.8 21.03 10.58 -6.9321 -2.7830
7 38.1 20.1 36.01 18.60 2.0929 1.4970
8 40.0 14.2 42.32 17.22 -2.3196 -3.0230
9 25.0 17.2 2255 12.58 2.4508 46180
10 84 7.8 11.22 12.26 -2.8242 -4.4620
11 324 18.1 3897 17.76 -6.5742 0.3380
12 155 35 9.30 3.68 6.2008 -0.1820
13 35.0 16.1 28.20 1491 6.8008 1.1880
14 16.0 85 23.17 9.53 -7.1742 -1.0320
15 48.0 22.3 4859 22.29 -0.5933 0.0140
16 487 22.4 4859 22.29 0.1067 0.1140
17 485 225 4859 22.29 -0.0933 0.2140
18 488 22.1 48.59 22.29 0.2607 -0.1860
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Table 5. Analysis of variance table for the maltooligo-
saccharides(A) and maltopentaose(B) prod-

uction

(A)

Square Deg. Square
Factor Sum Free. Mean Fo
Regression 2012.96 9 323.662 6.58**
Error 393.53 8 49.191 ’
Total 3306.49 17
(B)

Square Deg. Square
Factor Sum Free. Mean Fo
Regression 561.95 9 62.439 569**
Error 87.83 8 10.978 '
Total 649.77 17

Table 4. Values of regression coefficients calculated for the maltooligosaccharides(A) and maltopentaose(B) production

(A)
Regression Coeff. Std. err. T-value Stationary points
Beta0l 48.593 3.388 14.343**
Betal 2.831 1.753 1.615 Xol 0.230 10.92
Beta2 7.419 1.753 4.231** Xo2 0.661 116,51
Beta3 1.256 1.753 0.716 Xo3 0.181 30.90
Betall -7.927 1.502 -5.279
Betal?2 1563 2.480 0.630
Betal3 -1.237 2.480 -0.499
Beta22 -6.114 1.502 -4.072
Beta23 1.662 2.480 0.670
Beta33 -5.727 1.502 -3.814
Expected Y value=50.33
(B)
Regression Coeff, Std. err. T-value Stationary points
Betal 22.286 1.600 13.924**
Betal 0.080 0.828 0.097 Xol 0.150 10.60
Beta2 3.520 0.828 4.250"* Xo2 0.630 115.74
Beta3 1.345 0.828 1624 Xo3 0.039 30.19
Betall -2.466 0.709 -3.476
Betal?2 1.165 1.171 0.995
Betal3 ~-1.935 1.171 -1.652
Beta22 -2.891 0.709 -4.076
Beta23 -1.365 1.171 -1.165
Beta33 -2.516 0.709 -3.547

Expected Y value=23.23




644 ol g -
40
5k
o
K]
2
s 3}
U
=1
£
o
&
2=
20 . : .
2 6 10 14 18

C/N Ratio

Fig. 3. Contour plot of C/N ratio versus temperature at
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Fig. 4. Counter plot of C/N Ratio versus agitation speed
at different maltooligosaccharides concentrat—
ions(g/L).
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Fig. 6. Contour plot of C/N ratio versus agitation speed
at different maltopentaose concentrations(g/L).
Con M=8
Y01=22.29 Y02=21.36 Y03=20.43 Y04=19.50
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