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Abstract

The study was carried out to compare the reaction rate of Maillard browning reaction of 2 dipeptides
(Leucylglycine, Tryptophylglycine) and 4 amino acids (Lysine, Glycine, Leucine, Tryptophan) with xylose

heated for 0~24 hours at 60~100°C.

1. The color intensity of the browning mixture heated at 100°C for 24 hours was the highest in tryptophan-
xylose, and in order to tryptophylglycine-xylose > lysine-xylose > leucylglycine-ylose > leucine-xylose > gly-

cine-xylose.

2. The reaction rate constants (k) determined from the browning pigment concentrate with time were sim-
ilar to the result of the color intensity, that is, the k were the highest in the tryptophan-xylose.
3. The residual amounts of dipeptides, amino acids and xylose in the browning mixture diminished as the

browning temperature increase.

4. The activation energies (Ea) calculated from k were the highest in leucine-xylose (143.72 J/mol), and
the lowest in tryptophan-xylose (117.45 J/mol). The range of Q,, values were 2.84~3.58.
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Maillard Z-A34Ego] 2183+ & D(+)-xylose
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cylglycine, Tryptophylglycine(Sigma Chemical Co., U.S.
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Chemica. Co., Japan), Glycine(Wako Pure Chem. Co.,
Japan), Leucine(Biochemical Co., BDH), Tryptophan
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(Kanto Chem. Co., Japan) S22 =5 L-3o|git}.
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Table 1. Nomenclature of each reaction mixture
LyX 0.1 M Lysine + 01 M Xylose

GIX 0.1 M Glycine + 01 M Xylose
LeGIX 0.1 M Leucylglycine + 01 M Xylose
LeX 0.1 M Lecine + 01 M Xylose
TrGIX 0.1 M Tryptophylglycine + 0.1 M Xylose
TrX 0.1 M Tryptophan + 0.1 M Xylose
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Z A7}k AxA171 ZF tubeel] MeOH 30 W& A7fs}
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A ZA3)gdch o]u] HPLCY #A4Z7 instrument:
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standard H, flow rate: 1.0 m//min®|%l 37, o}v|xAF X5
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7t Maillard ¥h-g-oll ARS8 xyloses] A2k 23
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Fig. 1. HPLC chromatogram of amino acid standard
solution.
1, Glycine; 2, Leucine; 3, Lysine.

I

Fig. 2. HPLC chromatogram of xylose standard solution.
1. Xylose.

1.0 m//min®] )3, HPLC chromatogram-2 Fig. 2¢]l4
B ule) zhr}
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Table 26|41 2 <= g)5o] 7} 0.1 M2] dipeptide T o}
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FA3%] ZvlEE AL R, LyXe vl3] TrGIX,
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Table 2. Color intensity (A 490 nm) of the Maillard browning mixtures of amino acids and xylose at different reac-

tion temperature and time

A 490 nm (color intensity)

Heating Reaction
Temp. mixture 0 3 6 12 18 24 hrs
LyX 0.043 0.045 0.049 0.054 0.055 0.058
GIX 0.043 0.043 0.043 0.045 0.048 0.049
60°C LeGIX 0.051 0.051 0.051 0.056 0.059 0.060
LeX 0.043 0.044 0.044 0.045 0.045 0.045
TrGIX 0.051 0.054 0.063 0.070 0.078 0.099
TrX 0.072 0.078 0.083 0.110 0.119 0177
LyX 0.043 0.052 0.062 0.079 0.084 0.094
GIX 0.043 0.045 0.045 0.047 0.049 0.052
70°C LeGIX 0.051 0.051 0.054 0.058 0.066 0.082
LeX 0.043 0.045 0.046 0.046 0.048 0.049
TrGIX 0.051 0.065 0.079 0.092 0.166 0.264
TrX 0.072 0.086 0.132 0.240 0.359 0.501
LyX 0.043 0.063 0.093 0.218 0.304 0.349
GIX 0.043 0.051 0.070 0.072 0.081 0.133
80°C LeGIX 0.051 0.071 0.105 0.168 0.170 0.201
LeX 0.043 0.046 0.048 0.055 0.078 0.080
TrGIX 0.051 0.078 0.165 0.489 0.909 1.343
TrX 0.072 0.206 0.484 0.687 0.926 1.610
LyX 0.043 0.180 0.389 0.761 0.907 0.986
GIX 0.043 0.085 0.122 0.167 0.231 0.290
90°C LeGIX 0.051 0.093 0.137 0.316 0.417 0.505
LeX 0.043 0.048 0.065 0.088 0.118 0.160
TrGIX 0.051 0.228 0.651 1.646 2.316 2.354
TrX 0.072 0.229 0.874 1.775 2.595 2.904
LyX 0.043 0.278 0.808 1.339 1.624 1.820
GIX 0.043 0.146 0.233 0.422 0.571 0.737
100°C LeGIX 0.051 0.105 0.220 0.465 0.695 0.935
LeX 0.043 0.085 0.144 0.341 0.543 0.815
TrGIX 0.051 0.302 0.669 1.635 3.263 5.467
TrX 0.072 0.603 1.691 4.979 8.650 8.356
TiXe] s kot LOIX, LeXE b e 2 39 § BE sldemdd 3 & 24ES Yo

A= E B3l GIXe} AR A e viebfsic)

obvlmAl 3 243} whgAo] mcka deiAl LyX
o AL 27254 60°CollA] ZAEE k2 A3l
o] 247k ¥HS & 0.0580] =gz 80°Ce} 100°C,
242)7}o) A= 0.349, 1.8200.2 Z7}sladt).

LeGIX9} LeX2) 739 LeGIX: Zx7]2%4l 60°CH|
el A w= 78] wstrl gelrh 100°Coll A 2447k
7 Felle 09352 GIXu} LeXHt) o7t =9kw
LeX= 60-90°Cel| A= 24417 7} A] 0.045-0.080.0.5
olw| At whg-oll F s} e AT B W)

=3 TrGIX$} TrXelAs TrGIXe] 79 80°ColA]
= 60°C 24A417F 71 2] <F 5.1ule] 1.3430]1] A o]
100°Coll M = 5.4672 GIX<] o 7.44), LeGIXS] 5.8l
olol et TrXe] 83568tk A Wghch. 25} ul
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Maillard Z-¥3pi-&- 9] whS<&xAk=(k)i= Table
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Fig. 3. Changes of the increase amounts of the color
intensity of the Maillard browing mixtures of di-
peptides or amino acids and xylose heated at 100°C.
-A-, LyX; -A-, GIX; -0-, LeGIX; -um-, LeX; -O-,
TiGIX; -® -, TrX.
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SEEAS ke 47.89] gS Yehiigicte g A
o wste] £ Aol thi e WS ES B
et

100°Cl 41 9] k3he B3} leucinee] T3 74
£ o}vlAbR ) dipeptide 243} vH-5-4 2] kglo] o
=& ¥ uyptophan®] 9= 23] o} xAlEo]
o sEstet.

Aubg o 2 whgggAlye] gk HhL =N
$)e}ke] AFtaA| (correlation coefficients)olj 4] = 0.9848-
0.99572] W92 & ARAAE Bych

3. ZAlst BE3 ol ZkER

Maillard Z-44 3} Whg-A171 F wbg-Hol] AHES= di-
peptide, o}¥] At Z xylose?] 3tepHstE &35t
ZANES Axo ALS-E o]lE vRESY AEH
243} Z 3= Table 49} e}

LyX+ #HZell 6323%2 t}& ukg-do vis] 714
AL AEFE BT =3 xylose?] = e o}
Ake] kgl wire} 71 A i) 60°Coll A 24417
719 & lysined} xylose Z+2} 60.45%, 68.18%<] Ak
$& 2H2 X7 FUlska wkgAIzke] Friglel
wa} AEego] IA Fase] 23} uhgo] w9 3
& 579t

GIX2] Sl FHzde Bl 52 &8 Ko
60, 80°C 7193} ¥ glycine?) AtE8-2- xylose Br} ti
A9l ot 100°CH A = o] o} ub @Ak Hehligict.

LeGIX9] 739 ubg-2x7} A5sla AlZte] 015
o el A=k A 7haFo] 100°ColM= 1247
7} %k ¥ leucylglycine, xylose”} Z}2} 53.95%, 53.86%
2 A3 AT 4A7 Fo= 74.82% %
68.01%2 27} Zr)sted o1} LeXe] 7SRl nE
Hhg-A| bl A A& AEaks 2o =8 LeXolA &
ulg-of ol 2kZFH= Jeucined Z Zo) 98.50%= t}
2 olv|xAle)] uvlE] 7HR F9how xyloser 96.90%

tlo

Table 3. The reaction rate constants(k), activation energies(Ea) and Q,, values of the Maillard browning reaction of

amino acids and xylose at different temperatures

Reaction Ea 0
. 10
mixture 60°C 70°C 80°C 90°C 100°C (/mol)
LyX 0.69 232 13.32 4526 84.44 129.86 317
GIX 0.25 034 3.10 10.47 2953 133.87 328
LeGIX 037 1.02 6.86 19.56 35.77 124.54 3.02
LeX 0.11 0.27 1.56 448 29.23 14372 358
TIGIX 177 7.24 48.18 109.56 194.00 125.14 3.04
TrX 3.59 16.42 52.43 127.93 388.81 117.45 2.84

Fze]Fets] x| A 124 A 1.35(1996)
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Table 4. Residual amounts of dipeptides, amino acids and xylose in the Maillard browning mixtures heated at 60, 80,

100°C for 0~24 hrs unit=%
: 60°C 80°C 100°C
Re.a ction Reactants
mixture 0 12 24 12 24 3 6 12 18 24 hrs
LvX Lysine 63.23 6129 6045 5442 5691 62.11 57.07 51.88 50.84 47.64
4 Xylose 71.02 7090 68.16 63.65 53.09 6878 6042 59.17 5289 46.04
GIX Glycine 9571 80.12 75.07 8140 6744 9653 9528 91.19 8493 68.78
Xylose 9792 9679 9247 9344 90.68 89.63 88.13 84.67 78.86 58.78
LeGIX Leucylglycine 92.85 85.34 91.63 86.08 83.81 83.11 76.64 5395 66.84 74.82
Xylose 8487 82.61 83.63 80.77 7994 7816 7472 5386 63.02 68.01
LeX Leucine 9850 9221 9429 9480 8893 99.83 9419 9219 86.48 86.02
Xylose 96.90 9598 93.03 8954 9278 9601 9546 88.24 84.05 81.13
THGIX Tryptophylglycine ~ 91.91 8845 89.41 7620 77.46 87.61 7684 5301 5593 52.02°
Xylose 78.64 7822 7992 7366 7540 7796 7206 58.13 5840 53.99
TrX Tryptophan 89.19 8221 8266 7995 7537 8288 8267 80.73 7831 75.86
Xylose 9495 89.54 8790 8871 8547 8206 7795 7556 7424 66.40

OlF T 60°C, 80°Coll4] 9] HE-gAIZHE Zt4HE A&
&2 dEAH A Asgkort 100°Coll A 2447k 7}
F leucine, xylose 27} 86.02% % 81.13%%. LyX<2)
738l v]3] leucine-2- °F 40%, xyloset= ¢} 35% A=
o] o] wsir}.

TrGIX 9] Zh=efel] tryptophylglycine2 91.91%)
71 EZhS BT xylose?] kL 78.64%% rlE di-
peptideci]] 2] o] 2k2akuc} Agict. 7 £ 7jgL
= U qhSAIz | W) 7haste] 60, 80°CellAlE TrX
o AR fAkstded 7k el 100°CelM
2427} 714§ F= TiX e 75.86%, 66.40%K c} v
& 52.02%, 53.99%2] A-E2Fe welx).

oo, ZA s o) A s o] AEak WslE o
®, ofrlxeAte| v} dipeptide -9t Ph bR 2 HhS-&%
o w2} 2F4-3191 7 dipeptide X o}w]xAkT} o) ub
8l Fol| AtE3}= dipeptided} o}m]mAte] ofpriis
29| Zp&o] et vyt ZA3} ukeAY A
< o}u)xcAbst dipeptide S H]323le] B dipeptided)
AhEgpo] ofnjrcAtu Tt A& AEFL ¥o] Maillard
Hhgo] B& Lo Ao gy AHupdoz
X7t w2 A&k Y ghasle AYge B
Hort Azbe) w2 W3l dE HIE B
o]2] ¢dgkr}.

18] Aol AHIHOZ L2 LTl ul-g-A
Zhell webAs dEXQ W3S veh=] ¢ol 2
Maillard 243} Rh-g& 2+ dade 242 ¢ 4 AN
2% 3201 100°Cell 2] zh Zhzeke o} 2 sl &
LollM v} Wizl 71A 3igic
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4. LS HESHO| BHASL0ML K] (Ea)2t 2= AT (Qo
value)

el 2R 2 A EATEYE T 2443
A (Ea) ¥ 2= A5(Qy valuey= Table 7ell4] B
o] LyX®] 129.86 J/molRt} & gh& Jehd 7L
TrX, LeGIX, TIGIXZ Z}z} 117.45, 124.54, 125.14 )/
molo|$1 32, LeX¥= 143.72 Jmol2 714 &9t} w3l
Qu value X o]9}zr-e- A7 2 TrXi= 2843 713 g}
= HbE LeX+ 3.582 7HA &2 25 wolc)

v.#d g

Xylose-8-1#} dipeptideF-(Leucylglycine, Tryptophyl-
glycine) ¥ o}2)AK(Lysine, Glycine, Leucine, #Iryp-
tophan)}8-91-S  8FGA|7H0~24hrs) H  ¥FE-2- 5 (60~
100°Cyell w2} Maillard ZEA5ubg-8 AP Al 714 2
A3} ubg4r e & 2A8lqch

7t A8 uhg o4 o] WSk 100°Cel| 4
7Fd 2442 F= TiXeld 7 #3431, 2 o
TrGIX > LyX > LeGIX > LeX > GIX £°]gic}. 243}
HR-EEAE(KE THddlA 2 L e 27}
3lo] 100°Cell A= TryptophanAlolA] 2|7} >4 =
axet.
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