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Abstract

Maillard reaction products (MRPs) added into a culture and the resultant bacterial growth were investigated
using response surface methodology. The coefficients of determination (R?) of response surface regression
equations for bacteria were 0.9544 and 0.9578 in Bacillus subtilis and Bacillus natto, respectively. The MRPs
produced at higher reaction temperature and for longer reaction time showed greater antimicrobial effect for
Bacillus subtilis. Especially, the MRPs produced at temperature above 150°C for 8 to 12 hrs showed the
strongest antimicrobial effect. The MRPs produced at lower reaction temperature and for shorter reaction time
showed greater microbial growth effect for Bacillus natto, but those produced at the reaction temperature high-
er than 160°C showed the greatest antimicrobial effect. In the ridge analysis, the growth of Bacillus subtilis
was the most significantly inhibited in the presence of MRPs prepared at 159.10°C and pH 12.21 for 9.67 hrs,
and the growth of Bacillus natto was the most significantly inhibited in the presence of MRPs prepared at

169.94°C and pH 9.66 for 9.22 hrs.
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Table 1. Levels of independent variables in experimental
design for Maillard reaction

Xi Independent Levels
variables 2 1 0 1 2
X, Temperature ("C) 90 110 130 150 170
X Time (hrs) 3 6 9 12 15
X: pH of solvent 5.5 7.5 9.5 11.5 135
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v 2] & 233FS wu e g sla) 7k 8ol o] whE uk
Sui%e] gi(Table 2% WFSER $45ho] Fig. 1 9
2¢)] viebdidet. Al 7] g.olH ]l v, Bh-E-4]
7F 2 4o pH7} wW3sld ] uhH 42l Bacillus sub-
tilis (Y\) % Bacillus natto (Y)2] A&l o3t uk-g-31
3742 Table 37} 2}, o] wf R 7H7h 0.9544
09598241 $-0] o] a1 =) %] th(P<0.01).
Y,=1.2105-0.2108X,-0.2601X,+0.0121X,:+0.2635X,
X,-0.2075X,X:+0.0115X,X,40.1305X,°
+0.1745X.2+0.0115X*

Table 2. Experimental data for pattern of the growth of
Bacillus subtilis and Bacillus natto under different con-
ditions of reaction temperature, time and pH of solvent

Independent variables Dependent variables

No Temp. Time B. B.  Browning"
('C) (hr) subtilis® natto” color
1 110-1)"  6(-1) 7.5(-1) 1507 1366  0.867
2 110¢-1)  6(-1) 11.5(1) 1.681 1.366 0.879
3 110¢1) 12(1)  75(-1) 1193 1393 0971
4 110¢-1) 12(1) 11.5(1) 1.190 1.381 0.996
5 150(1) 6(-1) 7.5(-1) 1.388 1.317 1.097
6 150(1)  6(-1) 115(1) 1.166 1306  1.104
7 150(1) 121) 7.5(-1) 1.149 1306 1.031
8 150(1) 12(1) 11.5(1) 1127 1317 1.029

=]

1300)  90) 950) 1.198 1364  1.047
10 1300)  9(0) 9.5(0) 1202 1361  1.046
11 90(-2)  90) 95(0) 1567 1374  0.759
12 170(2)  90) 95(0) 1.094 1232 0951
13 13000)  3(-2) 95(0) 1624 1371 1129
14 1300) 15(2) 95(0) 1125 1399  1.100
15 130(0)  90) 55(-2) 1.169 1394  1.088
16 1300)  90) 135(2) 1254 1343 1126

""Parenthesises are the coded symbols of levels of independant
variables

“'Absorbance was determined at 620 nm

*Absorbance was determined at 420 nm
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Fig. 1. Response surface for the growth of Bacillus sub-
tilis at constant values (Abs. at 620 nm: 1.0, 1.2, 1.4
and 1.6) as a function of reaction temperature, reac-
tion time and pH of solvent in Maillard reaction
(control : 1.312)

Y.=1.3571-0.0680X,+0.0122X,-0.0142X,-0.0210X, X,
+0.0060X,X+0.0050X.X:-0.0595X,°+0.0225X*
+0.0060X,°

W% MRPs7} Bacillus subtilis o2 A-§-ol] v} %=
°dsk& ¥ Fig. 17} %ol Maillard BH&-2- w7} 51
HE-2]7 o] A4E AAE MRPsi= Bacillus subtilis
iLEl & A8k em, 58] Maillard BFE- 2] 7ke)
hrs " 2)ol| A} BEZRE7F 150°C o]4bol 5l =
A A)3H= A3k-$ Wl el Maillard vE-S- 2] 7}
& oA = wkg-g el pHYL S F 1o
So| A HE o 4 Ul 2} Maillard v
oA pH7} b E7 el 4] 9*5/’} 150°C o] %o] 7 4]
ko] 13217 o] el iz o] Afo] fA] Fo
S B} ol melanmdms"] =3 1) Fdl) ¢
g st U oS48t 2 MRPs7} znl ol upe}
ol el Agold 5ol Fo157] qEon 4
a2e{vb Fig. 2o vhepd npe} 7—‘°1 2| Bacillus
natto *§-%-ol| sl 4= Maillard B2 7ke] W5}l u}
o o}l MRPs 72| 338 w122 2dgken] o
Mz NEFEok deo] dabe] oha #A vhepwlrh
w \:‘I}_C’_.Sl.g_oﬂ :r]r_a_ 016‘}:0]]/(1 150°C o} %}Q] L]»B_
Maillard HF-8-2 % of| 2] A1 %] MRPs3= W32 127} o}
o}zl 5t £l pH7} Yol 4-E Bacillus natto 2] 2}
%8 F7K8bA) s2lonh, 130°C o] ol A3z kg pH
& wbz] odotet 12l a Maillard M%7}

Thahi=

r _’}1.. WL

3 5] Bacillus sp.8] AHEAe vjxl= o33 311

Pl of solvent

i2o0
%g 15 160 ra0 are’C)
- Maillard reaction 169

Fig. 2. Response surface for the growth of Bacillus nat-
to at constant values (Abs. at 620 nm : 1.30, 1.33, 1.36
and 1.39) as a function of reaction temperature, reac-
tion time and pH of solvent in Maillard reaction
(control : 1.284)
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Fig. 3. Response surface for the browning color (Abs.
at 620 nm : 0.9167 and 1.0417) as a function of reac-
tion temperature, reaction time and pH of solvent in
Maillard reaction

Table 3. Regression coefficients of the second order po-
lynormials" for three response variables

. B. subtilis B. natto Browning color
Coefficient Y, Y, Y,g
by 1.2105*** 1.3571*** 1.0295*
Linear
b, 0.2108%7  0.0680%*"  0.1165%**
h. -0.2601*** 0.0122 0.0027
b 0.0121 -0.0142 0.0147
Interactions
by» 00.2635** -0.0210 -0.1810**
b -0.2075* 0.0060 -0.0160
b L0115 0.0050 -0.0020
Quadratic
by -0.1305* H10595%** -(0.1915%**
ba, 0.1745%* 0.0225 0.0680
bss 0.0115 0.0060 0.0695
% Variability  0.9544 0.9598 (1.9544

explained (R%)

Probability of F 0.0023 0.0016 0.0023

“Model on which X ,=temperature of reaction, X,=time of
reaction, X,=pH of solvent is : Y=b,+b X, +b, X +b:X:+b,,X,
Xotb X, Xt XoXo#b ) X, 400, X, #b5, X5 (Y : dependent
variables, b, : intercept, b, : regression coefficients)
“*Significant at 10% level; **significant at 5% level; ***sig-
nificant at 1% level
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Table 4. Correlation matrix among variables

B. B.
subtilis  natto

Variables  Temp. Time pH

B. subtilis -0.55528**" ().68497*** ().03193

B.natto  -0.79849*** (),14384  -0.16733 0.29092

Browning 0.57258** (.02285 0.06733 -0.45615* -0.05312
color

P*Significant at 10% level; **significant at 5% level; ***sig-
nificant at 1% level
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Table 5. Predicted levels of process variables yielding
optimum responses for inhibition of bacterial growth
by ridge analysis

Independant Levels for optimum responses
variables B qpiilis B nato  Browning color
Temp. ('C) 159.10 169.94 148.10
Time (hr) 9.69 9.22 3.67
pH 1221 9.66 9.80
Morphology S.p.” S.P. S.P.

Ysaddle point : pattern of response surface obtained by
response surface methodology
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