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Abstract

Dynamic changes of free sugar and amino acid in the mixture of red bean paste sediment by com syrup concentration
and heating conditions were monitored. Glucose and fructose contents of red bean paste increased with an increasing
brown color intensity. Amino acid content was affected by the heating temperature, increased with an increase
in browning color intensity. Browning color intensity of each samples increased up to 95, but decreased above
95C. This result was the same trend as changes of glucose and amino acid. The results of comrelation coefficients
among free sugar, amino acid and browning color intensity show that increase in browning color intensity was
not correlated directly with changes of free sugar and amino acid contents. It seems that the contents of free sugar
and amino acid resolved from saccharides and protein were much more than contents used for browning reaction.
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Table 1. Experimental data on free sugar contents and browning
color intensity of red bean paste under different conditions based
on central composite design for response surface analysis

Independent variable”  Free sugar contents (mg/g) Browning

Exp.
)
No. X Xs X;

color
Glucose Fructose Maltose intensity3)

—

20(Hp1uo(n 170D 219 252 1404 1.022

2 20(H0(Y %) 201 162 1593 0747
30() VE) 10D 24 P 1950 0183
4 200 NE) 90E) 33 - 1953 0143
5 10() 10()170(1) 294 270 112 1485
6 10() HO(D 9D 117 261 2109 0509
7 10¢) 9E)0(H 21 - BL6 0177
8§ 10¢() 90CH %¢) 15 - 2319 0140
9 15(0100(0) 130(0) 39 - 1941 0206
10 15(0)100(0) 130(0) 30 - 1985 0210
11 5()100(0) 130(0) 15 - 2649 0201
2 25(2100(0130(0 45 - 124 0189
B 15(0) 80(2) 130(0) 30 - 1950  0.165
4 15(0120(2 130(0) 759 582 183 3787
15 15(0100(0) 50(2) 96 - 195  0I6
16 15(0)100(0)210¢2) 42 - 1938 022

"The number of experimental conditions by central composite design.

PX;: Com syrup concemration (%), X;: Heating temperature (°C), Xy: Heating time ().
Optical density at 420 nm.

“Trace are not detected.
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temperature 7} 80T, ©]¥42 CH;CN:H,O = 75:25 (vjv),
flow rate 0.6 mL/min & injection volume 10 ULE 3} T}
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Fig. 1. Response surface for glucose content in red bean paste at
constant values (glucose content: 0.5~4.5~8.5%) as a function of
heating temperature, heating time and corn syrup concentration.
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2 maltose 18.3~264.9 mg/gC & YElon, UF 53}
Aol F2F kol thek 394] 9] R*:= glucose, fructose
92 maltoseo| 4] ZHz} 0.9388, 0.9548 = 0.88992 -3-o]4&
2z 1%, 1% % 5%c|Ule] Foleda JF Ak
Glucose & B 11.28%, 7t9L%E 91.65C 2 7}
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Fig. 2. Response surface for maltose content in red bean paste at
constant values (maltose content: 60~70~80%) as a function of
heating temperature, heating time and corn syrup concentration.
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Table 2. Experimental data on amino acid contents of red bean paste under different conditions based on central composite design for

response surface analysis

Exp. Amino acid contents (11g/mL)

No.” Aspartic acid Serine Glutamic acid  Glycine Alanine Tyrosine Histidine Arginine Total amino acid
1 11.68 313 455 098 1.46 15.00 0.00 828 4920
2 7.65 L77 284 047 1.01 9.33 234 8.88 3429
3 1.09 041 149 B 0.26 0.84 046 10.28 14.83
4 0.79 - 126 049 9.83 1237
5 11.68 25 315 1.02 148 14.19 515 873 4833
6 491 144 224 0.59 072 5.86 1.49 11.56 28381
7 L15 043 143 024 03 0.84 051 1129 16.19
8 0.84 031 132 024 0.25 0.66 045 9.60 13.67
9 1.33 043 148 024 029 081 0.62 10.33 1553
10 110 0.33 117 022 022 - 031 435 12.50
1t 159 - 132 0.62 1032 13.85
12 L19 - 1.34 0.74 048 9.16 1291
13 1.00 - 162 027 - 0.76 991 1356
14 1321 476 10.00 491 825 7191 11350
15 090 - 137 049 9.88 12.64
16 1.96 0.68 1.55 031 0.34 - 048 10.77 16.09

The number of experimental conditions by central composite design.
PTrace are ot detected.

Amino acid &t2to| M35}

FTAHEAAAY A ofs) HAE dPdxdos B4 A}
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Fig. 3. Response surface for aspartic acid content in red bean paste
at constant values (aspartic acid content: 1-6-11 ppm) as a function
of heating temperature, heating time and corn syrup concentration.
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Fig. 4. Response surface for glutamic acid content in red bean paste
at constant values (glutamic acid content: 1.0-2.5-4.0 ppm) as a
function of heating temperature, heating time and corn syrup
concentration.

aspartic acid, glutamic acid % arginine o] Zo] 375 o]
Je= Aoz pElgtom, Koh 5(8)0] 22 ofmjiite] T
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(80~120C) ¥ 7}BAIZH50~2104) 9] Wsto] mE zhzte]
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Fig. 5. Response surface for alanine content in red bean paste at
constant values (alanine content: 0.1-0.6-1.1 ppm) as a function of
heating temperature, heating time and corn syrup concentration.
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Fig. 6. Response surface for total amino acid content in red bean
paste at constant values (amino acid: 10-20-30 ppm) as a function
of heating temperature, heating time and corn syrup concentration.

Table 3. Polynomial equations calculated by RSM program for heating conditions and corn syrup concentration of red bean paste

Responses Second order polynomials 'S Significance
Fructose Y2=722.076563—O‘598125Xl;};‘t(.)%g%ﬁ%%%ggggg(&%o14250X1Xz—0.005813X1X3 0.9548 00022
e IO om0 gy o
e R
i oSG TR OPEC IO, g
Total Y12=1235.170156—1.216500X1~25.223625X22-0‘773312X3+9.013400X1X§4).005200X1X3 09311 0.0073
amino acid +0.008062X,X5+0.017650X,°+0.129213X,"+0.000430X;
Browning Y13=40.608500+0.116100X1—0.8581OOX%—O.027300X3—0.000585X1X2-0.000436X1X3 0.9043 0.0181

color intensity

+0.000300X,X;-0.000130X,"+0.004420X”-0.000002188 X5

X): Com syrup concentration (%), X;: Heating temperature (C), X5 Heating time (min).

uke} o] histidine?} arginineg A 9] 3}iLE 2 0.8300
oldel ¥& R’ 3& YEhHSIT) Fig 3~Fig. 6914 B
uke}l o] oAb ke Mderol 7Y B 43S
T3 e Ao v, 85~100T] XM 713
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@D). F A Ao} vpr A 2 2ol AskA VeRt
A& opu|iit o] w7 ZHE ACE v o] B
W, £ Ao BYF 53l A ZolAM= {E]d} o}
Hegbe] A atgo 2 o3 M B AT t 8o,
7107 Gt g Al B wElE f thilg e
FE Eafiso] AgEE feldd opn|iate] Aos] we
Ao A7t Total amino acid ol thh 3]7 2] <]
R’E Table 37} 2o 093110 11, 52L& 0007324 1%
olife]l ReFFolM AU 2 AP FIHE total
amino acid 3FE 7fE2Tol o3 g & JIFe W=
AR VEIgon, JAH-e o s SHEANS A4
o A7 HUge AT 15.13%, 719 2% 11982 2
7Y AIZE 140.522Y 1w 10243 pgmLo g o =59t
(Table 4, Fig. 6).

Table 4. Predicted levels of optimum conditions for the maximized
and minimized responses of variables by the ridge analysis of
their response surface

Operating conditions

Com synp  Heating Heating ~ Estimated
Responses concentation fime — Morphology
)] (© {min)
1492 9801 12979 0.53 (min.) .
WOy e 0 gy P
1500 10000 13000 LIS (min)
Fructose Saddle point
1530 11961 14555 5621 (max)
1738 11925 14033 4178 (min)
Maltose Saddle point
541 95.13 11816 26773 (max)
J—— 1612 90.69 141.59 0.14 (min) Sadde. o
c aci e point
1556 1189 15508 1642 (max) »
o 1643 92.96 11995 005 (min)  Saddle point
crine
1604 11936 148.14 498 (max.)
o 263 B3R 85.74 049 (min.)
Glutamic acid Saddle point
16.06 1971 14057 8.89 (max.)
. 1500 10000 13000 010 (min,)
Glycine Saddle point
15.13 119.88 138.54 391{max,)
) 1500 100.00 130,00 0.01 (min.)
Alanine Saddle point
1525 11995 13540 6.52 (max.)
i 1500 10000 13000 000 (min) )
Tyrosine Saddle point
1531 11991 13693 5792 (max)
o 1978 10059 15894 0.19 (min.)
Histidine Saddle point
812 1991 47 377 (max)
. 1639 11948 1433 250 (min) .
Arginine Saddle point
1570 91.04 0030 1259 (max)
o 241 9122 17063 462 (min) )
Total amino acid Saddle point
15.13 119.82 14052 10243 (max.)
; 1501 930 1895 0049 (min.
Brovming color ) Saddle point
miensity 14.60 119.74 14247 3289 (max.)

SAZARLGEHHA A3 AT (2006)

M

lo

M o] 5}
SAAAIZ O] Q3 16771e] AP Ttel IS A%
o] 24 A= Table 13} 23, Aol ti3t 3)7] 4] Table
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AU AAEE 7t 250 J3iA 7 2 9T
B e Ao Uehgon, ZAxe] WilE Fig 73
Zo] g4 (saddle point)e] FelE JEAE dFH F
ke 32892 ojujo] AL EQEE 14.60%, 7192
119.74C 2 7}9A)7F 142.475-0]tHTable 5). 0|3+ 2
= Park 5(22)9] ¥HE2 57} oA 8 Mg A2 Al
H5o| A7t ZrIite BRue AT a8y 2
3} opn|igto] 27} AlSkA] vEhd AlgolA SUIEE
738 UEho] B3} ofulite] Frt Aol AA
ARl AAZE gle AR AR o3 A= EAE
2 Q3 B ofn|izito] melanoidinsE A F} FAl o,
24a 38 Az AMEEHE B 29F AAe 22
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Table 5. Analysis of variables for regression model of
physicochemical properties in heating conditions and corn syrup
concentration of red bean paste

F-Ratio

Opemng conditons e e
(%) () (min)
Glucose 0.14 1869™ 051
Fructose 0.14 763" 127
Maltose 3.60% 7417 0.18
Aspartic acid 0.00 367 001
Serine 047 274" 192
Glutamic acid 020 1316~ 034
Glycine 0.04 613" 0.11
Alanine 002 600" 006
Tyrosine 001 7307 0.08
Histidine 093 050 0.56
Arginine 028 137 040
Total amino acid 003 1764 045
Browning color intensity 0.09 12017 044

" Significant at 1% level, ~Significant at 5% level, “Significant at 10% level.
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Table 6. Correlation coefficients among browning color intensity,
sugar and amino acids

Variables Color” Glucose Fructose Maltose
Color 100000 0988437 0977387 082325
Aspartic acid 0836837 087422c 0929197 067127
Serine 091992 094288c 097338 075356
Glutamic acid 0977417 098208 096836 084259
Glysin 0979827 0960207 093265 081146
Alanine 097802 0958697 0927787 0.82336
Tyrosine 0986417 0973917 094766  -0.83662
Histidine 013796  0.13485 021523 005319
Arginine 079793 07743 0740387 0768307
Total amino acids ~ 0.99121°" 099076 098762  -0.81386

" Significant at 1% level
"Color: browning color intensity (optical density at 420 nm).

Table 63} 70| glucose & fructose TS 2T 9} o
&Fol FAAAE e 3 opn] At ekt ghe-

ARES] B ote] FRBAE AR AT} Table 67
o] serine, glutamic acid, glycine, alanine, tyrosine &
FEAIT 090 o] Fe] w2 Fo| HAAE el o,
#2ld &%} total amino acids FHFate] FHAA M =
098 o]/3e] F& Fo] HAAAE el o, 1% o]
of frelEAM feldo] AFAAE. ol pe A
HH e sl Aunkg slojA drme] Frhe
FEIY oeldle] Frbohs AAACR WAL 9o
¢ T AU

oo AnJAS w0

&

@) uopenueo

Fig. 7. Response surface for browning color intensity in red bean
paste at constant values (browning color intensity: 0.1-0.4-0.7) as
a function of heating temperature, heating time and corn syrup
concentration.
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