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Abstract

The study was carried out to compare the reaction rate of caramel type browning reaction of xylose(XY), glo-
cose(GL), sucrose(SU), glucose + citric acid(GLCA), glucose + sodiumcitrats(GLSC), glucose +glycine(GLGC)
heated at 60, 80, 100, 120 and 140°C for 24 hours, respectively. 1. The color intensity (absorbance at 490 nm) of
the browning reaction mixtures tends to increase as the browning reaction time gets longer and the browning of
reaction temperature gets higher. But the degree of the intensity of SU and GLCA changes very little. 2. The reac-
tion rate constant (K) was increased rapidly above 120°C and appeared maximum at 140°C, especially GLGC
(140.25) was the highest. The activation energy (Ea) of sugars, XY had the highest value (124.36 J/mol), while SU
the lowest(104.68 J/mol). Mixtures of GLGC was shown to have higher activation energy (144.94 J/mol) than the
sugar alone and Q,, values of GLGC were 1.68-2.85. 3. The residual amount of reactants such as xylose, glucose,

_Sucrose, citric acid, sodium citrate and glycine in each browning mixture were decreased upon the browning reac-
tion temperature increasing. In the GLCA, GLSC and GLGC browning mixtures, respectively, the residual
amounts of glucose were less than those with amino acid, organic acid and their salt.
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1. g =

Caramel® 24 sjuk-gof AM-3F 7%= D-xylose, D-
glucose @ sucrose(Junsei Chemical Co., Japan)o]%1-2H,
71422 citric acid(Junsei Chemical Co., Japan)2}
F71AF9 2. 2= sodiun. citrate(Shin Yo Pure Chemical
Co., Japan)E AM&-3}%i ).

Maillard 24 3} 1F-g o] A}-8-3F o}m] Ak glycine
(Wako Pure Chemical Co., Japan)o] %131, 1 ¢} =&
AFFS-2 EF(Junsei Chemical., Japan)& A8-stgo}

2. o WY

D 248 g zA)

carameld] ZHA) 3} u-gH-E 7] A 0.1 M2
xylose, glucose, sucrose$} 0.1 M2] glucoseol] 0.02M
9] citric acid, sodium citrateE Z}7} Fek¥ E§ls)lo]
200 m/®) Hul=} flaskel 100 mA o] ¥ F 60,
80, 100, 120, 140°CE FA1 ¥ oil bath’Fell X 244]7F
7rd st A 23} uhS AP A

g Maillard24 3} 483} w]arslr] 3] 0.1 M2]
glucosedl] 0.1 M glycine& 5% E&3lod carameld 72
A3 kg3t U oM FUS whieE 23
935 AP A FH .

o wl Z}F whgle] W2 Table 137 o] 3lsdet.

2) Z+E 23} kgt o] 2R ukgE T A (K),
A4 3} ol UA|(Ea) ¥ 2EAF (Q, Value)FH

Table 1. Nomenclature of each browning reaction mixture

XY 0.1 M xylose

GL 0.1 M glucose

SU 0.1 M sucrose

GLCA 0.1 M glucose + 0.02 M citric acid
GLSC 0.1 M glucose + 0.02 M sodium citrate
GLGC 0.1 M glucose + 0.1 M glycine
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A3} Hhge] AP gt 7 e A7 1A
22 AFHT 23} 1kgelE oJ7kx] (Whatman No. 40)=-
oJF3le] HA =2 3]M3 F UV-VIS spectro-
photometer(PHarmacia Biotech Ultrospec 2000, Cam-
bridge Englandyg A183ld 490 mmellAe] ER=E =
Aajdet. olm|e] =S Y3} whgAIZEe 2N E] b
SEASR)F FHAL, WEEEASRKS} Aoh =)
H4(1/T)ZHE] Arrhenius plots®] 71870l 2]sle] A
sl R (Eayg 7319009 3k o] 2HE] 130-140°CS
71E2.23te] EEA4Q, Value)E T3

3) A3 w9 7, 7L, F71AkE E oln|xAl
o AEHF 4

(1) 22 e ZA°

A8k vh F ubgdlel] ol ol wo] AEFL
A4S whed 2miE #Hete] SRS 10miE 7kl
o] #1(0.45 pm membrane filter)d}od HPLCe| F 5l
M Al o9 $HEZLE Table 29} 2ottt

@ F714 2 {71 e AEF 547

A 2 NhS F dhgdel dolgle frAl F filAt
ge AEHF Fig 13 7e] Z2A 3 Wk 2miE

Table 2. Operation conditions for sugars analysis by
HPLC

Instrument HPLC system (Jasco)

Column Carbohydrate Analysis Column

Mobile Phase 80% CH,CN

Chart speed 5 mm/min

Detector Light Scaffering Detector (Sedex 55, France)

Injection Volume 10 m!/

2 m/ caramel type browning reaction mixture
| add distilled water 25 m!
10mi
|
Centrifuge(1500 rpm, 20 min)
l
Upper phase
!
Filteration (Sep-pak C18)
!
Column transport (4 g Dowex 50 w-xq, 50-100 mesh, H+form)
| add distilled water
50 m/
{
Filtration(0.45 \lm membrane)

Injection

Fig. 1. Procedure for HPLC analysis of organic acid and
their salt.
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10 m! volumetric flaskol] # 3t ¥ wo] &2 FA S
A% F &332 membrane filter(pore size 0.45 um)
2 oJ3tsto] HPLCY] F:dale] 24 2sisich. ofule]
FA 271 Table 374 2t

() ofw|xAke] AHEZF 240

Maillard 243} 5-glo] ‘olgliz ofm)eate] 34
< Pico-Tag ¥PHol] wel Pico-Tag columng ARE-3}ed
HPLCE 4 Zaslsieh. 5, «iA17 243} whg
A 10 piE #FH3ke] tube(6X 50 mm)ol] ©3 workstation
ANM ZFAFEE gauge torrE 50-60 mm7} HA AR
AZeh. 2t tubeo methanol(MeOH) 350 ul, H,O 50 pi,
triethylamine(TEA) 50 pl,, phenylisocyanate(PITC) 50 w/
E E33le] A Al9kS TR F AEE AR wbe
o] =4 AleF 30uE A7 vortex mixingdt ¥
ARgola] 102087 A=) ¥ workstationoll A ZAZAIZ T

ZZx% A 8d| MeOH 30 uw,E 718k oA vortex
mixingdt F- A 7AZ35}e] A8 tmbeol| sample diluent (1
¥ A=)Eled HPLCO 33l 1A ZAds]ol o ol
Table 3. Operation conditions for organic acid and their
salt analysis by HPLC

Instrument HPLC system (Jasco)

Column Aminex HPL-87X, 300 mm X 7.8 mm
Mobil Phase 0.008 NH,SO,

Chart speed 5 mm/min

Detector UV(210 nm)

Injection Volume ow
Temperature 35°C

Flow rate 0.6 m//min

Table 4. Operation conditions for amino acids analysis by
HPLC

Instruction HPLC system (Jasco)
Column Waters Pico-Tag Column(Waters 3.9
mm WYX 150 mm, 4 lm)
Detector UV (254 nm)
Temperature 40°C
Mobile Phase Water Pico-Tag eluent A:
0.14M Sodium Acetate trihydrate
0.05% Triethylamine
1 [HPLC H,0
N
Water Pico-Tag eluent B:
60% CH,CN
Chart speed S mm/min

Injection Volume 10w
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1. 243} BiSolol M e

0.1 M®] xylose, glucose 2 sucrose®] =F =5
0.1 M glucoseell 0.02M2] citric acid ¥ sodium citrate
£ 747 Fepd B3 carameld] 243} uigiE) 0.1 M
2] glucoseell 0.1 M®| glycineS 5% &E38H Maillard
72451 uhSalES 60, 80, 100, 120 L 140°CelA] 22X
3 HhE ASAIR A 2F i) 2R Table 2
Al Bz ule} Zho| WIgA|zke] Lol E ukepwr) =
oATE FA3%| FiEle %S Bglov) sust GLCA
o] ZAEE 140'C71A) 2 3} ukgo] AdEE Fok 2
Aol W3te] Fo] ulg #Hglh

60°Ce} 22 Aol M= XYE 18417 vh-S- o,
GL-2 2477 ¥k Ff ZA =7} el om, Maillard
783} uhgelel GLGC: 18A)7F Jol 27} Jeh)
caramel 243} Wh-g-A o] A ol & 3}o]7} gl
80°Cell A 244]7F HEhS- F9] XY, GL, SUY ZME=
Z+7+ 0.006, 0.005, 000322 SUSt GLCAZA =7}
GLEE} v} e 7o 2 vlehd wimel] GLSC:= GL
o) AN} 13.89 A=) =9ker GLGCY ZAE
= GLY 7459 fAtslgd o

1000CeHAE 244]7F ¥kS- $2] XY, GL, SU, GLCA,
GLSC ¥ GLGCY] 2 %= 7k 0.112, 0.073, 0.061,
0.023, 0.506 2 0.191% GLCA2] Z =7} 713 dete
v, GLSCE= GL2| 6.939), GLGC= GL9] 2.62¢4% A=
Az} o 2 AoE vepdel 120l = XYk
GL®] 75} uhgalle] e fAl8E 78ke 2 Z1s)
RLem 24X 7F HhE-Fe] A Ri= 747} 0,613, 0.576,
0.1812 SUS| 2=+ 3] Hocl GLCAE vk
o} ukgAlzle] Zolsle® A msL 34| 71814 o
ke GLSC:= GL9) 1.53, GLGC:= GL9| 1.83v}+
o} 100°CellM= GLSCZ) GLGCES %7} gk
g 120CellME 2318 GLGCY ZAES o] &9kt

140°Cel| A= Table 29} Fig. 204 B # 3} 7o)
A= w3te] Fo] wl$ z109 XY ¥ GLY A%
140°CoAI A 6A17F ¥E-3-A17) ZA =7} 120°Coll A 24417F
whg-3k e} 27)7F 719 Askend su A xE
J40°CAIM = 3A413] Pepom GLCAS ASE 140°Cel)
A 24X7F YREAIAE W 120°Coll A 124]7F BEE-AIZ)
GL9) ZHAIE 03159 22 A=0)9T GLSCG= GL &
%<l WlBe} 1414, GLGCE 1.5 AX o E9d

o] 3} 7k AMM caramel 24 E} whgellxie) 7+

§F2 433 x A 15 A 43(1999)
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3.50 Table 5. Color intensity(at 490 nm) of caramel type
browning reaction mixtures at various sets of reaction
200 temperature and time
Heating Reaction Heating time(hrs)
T 250 Temp. mixture 6 12 18 24
=
>
g XY 0 0 0 0001 0002
i 200 e GL 0 0 0 0 0001
£ e SU 0 0 0 0 0
S s GLCA 0 0 0 0 0
E GLSC 0 0 0 0 0
5 GLGC 0 0 0 000l 0002
o 1.00
o XY 0 0002 0003 0004 0.006
GL 0 0001 0002 0003 0005
050 _ — ] soc SV 0 0 0001 0.002 0.003
/_.q GLCA 0 0 0 0001 0002
. A;ﬁ_,/,/ GLSC 0 0003 0027 0040 0069
. \ " " " GLGC 0 0002 0004 0005 0.007
Hezting time (hour) XY 0 0004 0021 005 0.112
(o= XY ~+-GL ~- SU ~GLCA-0- GLSC - GLGC] GL 0 0003 0017 0035 0073
Fig. 2. Changes of the color intensity of the caramel type 100°C SU 0 0.002 0019 0.026 0.061
browning reaction mixtures of heated at 140°C. GLCA 0 0.001 0009 0017 0.023
GLSC 0 0047 0.110 0284 0506
GLGC 0 0066 0066 0.108 0.191
hS e A2 s =
A= glucosee]| citric acidE WS W glucose XY 0 0146 0367 0437 0613
D=0 AL Wl A e} Lhe vl sodium citrate GL 0 0135 0315 0426 0576
= BEE0 Aoeln hEo] A0 250 .. SU 0 0048 0132 0157 0.181
=< Jﬂaf""”“‘ ghicose =5el gt 2 7 120€ GLeca 0 o001l 0042 0084 0125
2 eRt, fi71Akl citric acidol] &J8iMe ZAjsl) = GLSC 0 0162 0394 0626 0.884
A 2227 gdoron ¢sle AsE= oz ehds GLGC 0 0198 0428 0791 1.052
4 o]2js FAFS Wolform'o] E.138F nke} 7ro] AL XY 0 0513 1011 1975 2307
. e N GL 0 0501 1023 1716 2.094
FoA B B2t FAEAR furan 2 FI .. SU 0 0079 0281 0448 0611
2 2ABAe] YMo] A=y §Folely B} mwat OC Gica 0 0043 0162 0278 0315
) ] ol Tl T =) A17) AT GLSC 0 0579 1394 2105 2956
sodium citraie7} o) A= A FAAR] A GLGC 0 0638 1914 2625 3214
Lewisg-"] glucoseoﬂ sodium citrate 7}3}H glucose XY : 0.1 M xylose, GL:0.1 M glucose
el wjErl= wele}sl 3 B9k Ahn®?] glucosedl] SU : 0.1 M sucrose  GLCA : 0.1M glucose + 0.02 M citric
7tEe] frlAd S Zh Arkela A4 sl uke-s acid.

N o ] ) N GLSC : 0.1 M glucose + 0.02 M sodium citrate
100°CollA] 24A17F A1BPAZE o sodium citrateS A7k GLGC : 0.1 M glucose + 0.1 M glycine.
@ 7o) BAET} A Fekehr Mg AohEs} o
PEE! Table 6. The reaction rate constant (K), activation
’ energies(Ea) and Q, value of various browning raction

< K
FIHESL HESO| HREAL: Al =| | Reaction Ea Q,,(130-
2. e} pigel KSR (K, BESOLNIED X (e e e G
S=ATQ, Volue) XY 023 465 2528 10127 12436 246
ZV7yo0)l = ‘HOQE. H'O/\, }\]_}\ L . . . - . .
A A ey Wk = SO Table 6 GL 020 297 2405 9005 12172 24l
ol Al Bz whe} zbol, Xy9] ¢ 80°CS} 100°C A SU 013 243 785 2652 10468 2.13
zZ¥z} 023, 4.65°19 120°CoM e 54w A=xV £7) GLCA 008 103 538 1442 7205 168
—5:1_ 2528°]ﬂ—9—111 1400CC“A_]_1‘_:-_ 10127_1 _’E'Las‘] __%_7}_{51_ GLSC 292 2083 3720 12397 12468 256

GLGC 028  7.63 44.9514025 14494 2385
A2 eyt GL2 80°CellA 020, 100°CAM =

2972 149 AE 275180} 140°Coll M= 90.052

XYEE 32 KZhe vehligleh Kghel 7H8 W suU g} XY, GL, SU 59 2§ @52 K32 HA=
= 80, 100, 120 & 14(°Cll A 22 0.13, 243, 7.85 100°C o)AdellA FeolA)7] AlRFsled 140°Coll M= 343
2 26528 120°CY WS XY Kt} w)saic)h o AA= AoZ An™] ZEF72] caramel 243} wRS-

g2z 3A] A 15H A 4 35(1999) - 366 -
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oA} 60°CE} 70°CeliAle] ule&E Al K= ujmA]
2 Zk& HBol} 80 R 90°CelM F1E2H, 100°Cel)
Ay F43] ZTlslgirhe Bl ChoiE®Y) 245 25
9] carameld ZA 3 wb-golM WHEE&E A KE
140°C o|AellM A3 ZyRvhe 2 uss) & gX)3)
AR R vhe4 o) 2ol gk oEA]e] 1)
+ F& o4 59k

GLCA, GLSC2| 7ol 140°Cell A Kghel Z+z
14.42, 123972 GLSCS] KZHe GLCAXT} 8.49u] A
= o 2 7o Jepdor, GLGCE 140252 7}
A ¥ 8 Bk 2As ukse) FoA 2 =)
7 ol GLCAY KZE-E 140°Cell A GL@HE2
1200CY 99] K9] 60% AEE ¥ v)A= £25
el en, 100°C7HA] 2 =71 F=AA g
GLSCE= 100°C7HAlE= Kit 20.832.2 ZhA) 3 whge &=
AM 7B & 7E BeF ot 120 d 140°CeolM =
Maillard 24} 3} uF-3-9) ol GLGCS] i} wilt

ZAAE g UREE AP EKETE A A sl
A (Ba) B LEAG(Q, value)E Table 33 Zghe}. &
A5} AR (Bays XY7F 12436 Jimol2A 7F =gk
o GL2 121.72 J/mol, SU= 104.68 J/molZA] 713 vt
P ol An®# Choi®§2] caramel 243} Wkl
A sucrose®] AR 7 2 Aoz et
752} 2 dxjele AE Bk GLCAY 73 Eo=
72.06 JimolZ SURT ©] ¥erow GLSCE 124.58 J/
molZ. GLY=9] Eak¥r} E9tc} w3l GLGCE 144.94
JmolZ 714 ¥ Eag vlelle] Songs¢ ¥ e}

20
15k
1.0

st

0o}
-5t

Logk
o

N L L N

o024 .0028 .0028 .0027 0028 0029
T

Fig. 3. Arrhenius plot for the reaction rate constant of the
browining reaction mixtures vs. reciprocal absolute

temperature.
Xy: @ GL: O Su:
GLCA: [] GLSC: A GLGC: A
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Son', Ahn” 5] HT Bl ¥UI Yangs 9] B
Bope 23 dokevt A wlsg Aol

I 2EAF (Q, valueys B 2] A
Lol Zo A= XY7) 24622 7P BT GL2 241,
223 SUZk 21322 71 Wekes, GLCA, GLSC,
GLGCS] ZA 3} HE-g-o Fol M= GLCA7} 1.682 7}
7 gerom whdell GLGCE 2852 74 #sidt. &
A sl AR (Ba)et LEAGQ, value)?] Z71E v s}
1 GLGC>GLSC>XY>GL>SU>GLCAS] ¢2 2 1}e}
et

Table 7. Residual amounts caramel type browning
reaction mixures heated at 80, 120, 140°C for 0, 12, 24hrs

unit=%
Tomp. Re_action Reactants Heating times (hrs)
mixture 0 12 24
80°C XY xylose 9995 9211 89.20
GL glucose 99.60 93.06 91.22
SU fructose - - 6.18
glucose - - 7.03
sucrose 99.15 89.82 77.14
GLCA glucose 99.03 8750 82.13
citric acid 9268 9229 91.11
GLSC  glucose 99.03 8692 80.13
sodium citrate 88.01  85.03  79.95
GLGC  glucose 89.63 87.11 83.86
glycine 9752 9587 89.06
120°C XY xylose 99.95 81.80 71.35
GL glucose 99.60 8297 7254
SU fructose - 4370  66.36
glucose - 5839  76.06
sucrose 99.15 3391 8.65
GLCA  glucose 99.03 80.17 6298
citric acid 92.68 90.69 81.16
GLSC  glucose 99.03 7835 59.27
sodium citrate 88.01 7222 64.98
GLGC  glucose 89.63 78.08 67.18
glycine 9752 8855 81.72
140°C XY xylose 9995 75.67 5278
GL glucose 99.60 7451 61.08
SU fructose - 89.47 9431
glucose - 87.03 91.70
sucrose 99.15 5.25 3.79
GLCA  glucose 99.03 6736 48.59
citric acid 92.68 6144 5567
GLSC  glucose 99.03  60.18  30.90
sodium citrate 88.01  52.04 35.80
GLGC  glucose 80.63 74.04 6146
glycine 97.52 8359 64.41

XY :0.1M xylose GL : 0.1M glucose

SU : 0.1M sucrose  GLCA : 0.1M glucose + 0.02M citric acid
GLCA : 0.1M glucose + 0.02M sodium citrate

GLGC : 0.1M glucose + 0.1M glycine.

st ze]| 3t E X Al 153 Al 43(1999)
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caramel 23} ¥h--F- ukSallo)] AE3R= o, 74T,
f7iaka F elulieAle] FepRIE S35l A3} wb
Soll AHE-E o)5 WS B AEFE AT A=
Table 49} Zro] BEg-2r29} ulh-g-A|7bo] F7gtel| Wl
AhEeke ZhAE gl e

80, 120 ¥ 140°CollA 24417k uhg- F2] XY ApEak
o] GLE} {4 o= veht} XY GLES 244
A Aol v whe] 2RSS U 4 AN oJFFH
SUE 80°Coll A 24A17F 9F-&- ¥ fructose 6.18%, glucose
7.03%7} AAAE I sucrose 77.14%2. 3348l 7HpEs)
7} M)A AL, 120°Coll A 244 7F B Foll:=- fructose
66.36%, glucose 76.06%, sucrose 8.65%% glucosed]
AL AR sucrose?] AEFE TSl sucrose=
A APRIAFEL e AoE Vel =3t 140°Ce]]
A& fructose 94.31%, glucose 91.70%F2 A He] =
A T sucrosex 3.79%E. ZFAaFe] o]HFql SUE
wk-e w7} Aol ulk} Al 7RpEslEe] we] e
2 Hol7kx glex g didfel XY, GLel v ZA3)}
hgtwrl 23 Aoz Ys .

GLCA, GLSC, GLGC:= 80, 120 ¥ 140°C A 24
A7y Wkg- F REFRL 23749 Flo] glucose®] AHEFFo]
o A veht 28370 YAAE glucoser} v wel
255 7102 H3o}h GLCAE HHE-2=9) uksA|7le]
Z7la}dl] wkel glucose® citric acid®] AFEgke ZH4s}
gov} s A we Ao vehlon] GLSCE
7zre] oA ZHA s vkl FollA] AHESfe] 1
2= ol GLSCH AT} w2 A UA|3}e]
2 EA Aol glucose®t sodium citrate7} o] A%
Helorng e 24 & Aoz ¥yl =3t
GLSCe 279] Whe-&5olM glycine®} glucose®] %+
Zepo] o] Ho T ulS-ewr} AFITF glucose’}
A A4 A o] ge] AvEH ACR e

(\VA- a

Xylose(XY), glucose(GL), sucrose(SUYE 502
gt glucose-citric acid(CLCA), glucose-glycine(GLGC)
o] 33t 888 U] 7H0-24 hrs) H HHEEXE (60,
80, 100,120 2 140°Cyoll wie} 24 3} w32 =13 A]7]
w2 st B Ae(K), 4 Bl A (Ba), 25
A4(Q, value) 554 743} vhgel Fo] Uk 39
AEgs FAT A= G AU

1. 23} vhgo] ZhAle= ukg-A|7be] ZHejdeE nb
Sexrt oSS F43] olske AEE Halevt

22283 A 159 A 4 5(1999)
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SUSt GLCAS ZA 5= 140°C7HA] ZA w2 uhg-Zo
w5 Aok

2. 243} v = AKYE 100°Ce)delA =24 5
7kled 140°Cell M H ke VRIS GLGCH KRtel
71 gokom 9f w5 23 wig- Foll M= XY9
K3kel 744 Eh

314 3}ol L A| (Eays- GLGC7} 144.94 J/mol2A 7}3¢
E2 ¥l GLCAYE 72.05JmolZ 714 ok}, 35
DE9) A= XY7) 124.36 VmolEA 71 gkow
SUE 104.68 J/molZ 7H vt =3k %A 4(Q,
valueyes GLGCPF 2.852 7 9o o5& Folxe
XY7} 24622 A et ddiob ol dREdG
MaillardZt 3} 9h2-o] carameld] ZA3} vhgHT) &%
of that 2)&A o] o] & A= Yehyle)

3. 723} ulkgalofrie] 7t WEEAISe] AkEake ulkg-
57} FRSE AT 580E AHI O UE
Ao Z Jehlr] ¢fo} whg&wel AEgal= vy %
AE VehiAl it vk Sl 71 2 WEE
HoJE 140°Coll A 24417 uE-$-Alol] XY, GL 22
xylose 52.78%, glucose 61.08%°]%1 2™ SUE fructose
94.31%, glucose 91.70%%. A2 o] =7 &1L, sucrose
= 379%2 ArAase] SUE HFE2 =7} Abegtol uiet
ez Ad R Ee Hevh GLCAE glucose
48.59%, citric acid 55.67%Z- GLSCE- glucose 30.90%,
sodium citrate 35.80%2. AFEgfo] =A| 74 F o] GL
= vkl o} glucose?] ZEESFo] Hkem glycine
o] H7be GLGC: glucose 61.46%, glycine 64.41%%
glycine®x} glucose?] AHE3Fe] v yYiglowz Zha) M4
Aol glucoser} o Wo| 25 FHE Aog el

iy
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