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Abstract

Aqueous solutions of sugar alone or in the presence of lysine were gamma irradiated at 0, 5, 10, 20 and
30 kGy at room temperature. Absorbances at 284 nm as an indicator of intermediate stage of non—-enzymatic
browning reaction increased with irradiation dose in both the solution of sugar or lysine alone and sugar-lysine
mixed solution. Absorbances at 420 nm as indicator of browning increased in the irradiated sugar-lysine mixed
solutions although no browning was observed in the irradiated solution of sugar or lysine alone. The degree
of browning of the irradiated sugar-lysine mixed solution increased with irradiation dose and was dependent
on the type of sugar. For sugar-lysine mixed solution irradiated at 30 kGy, the browning had the following
order of intensity: sucrose>fructose>arabinose>xylose>glucose. However, the sugar loss of irradiated sugar—
lysine mixed solution had a following order of intensity: glucose>fructose>sucrose>xylose>arabinose. The
reducing power of the non-reducing sugar, sucrose, was produced by gamma irradiation. The present results
indicated that gamma irradiation leads to a non-enzymatic browning reaction (carbonyl-amine reaction) in

an aqueous system.
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2 A& o] 2123} sucrose(>99.5%), D(+)-glucose(99.5%),
D(-)—fructose(>99.5%), D(+)-xylose(>99%), D(-)-arabi-
nose(>99%) % L-lysine(>98%)2 Sigma Chemical Co.
(St. Louis, MO, USA)ell A 9] 8] AH-&-3}51e}. 3,5-Dinitro-
salicylic acid, sodium hydrox1de % potassium sodium
tartarate(Rochelled )2 Junsei Chemical Co.(Japan)ell A
Fdsld.en, Acetonitrile(99.8%, HPLC 5+)2 Tedia
Co., Inc.(Symmes Road, Fairfield, USA)elA <) 3}sic).

gt 8, lysine 8N ¥ E-lysine =&Y M=
4982 sucrose, glucose, fructose, xylose, arabinose
z+zt 1.0 M| 5]71] FFerel §-33tl L, lysine £
i Rl galstsict.

Zyz}2] 2H(sucrose, glucose, fructose,

V7

M

)
3 1.0 M9 &
¥-lysine 5—%‘}3-"“
xylose, arabinose)® lysines 72+ 0.1 M2 F=7F = A
TRl S8g ¥ L1E 3t HF #5271 005 ME
AHH F-lysine 842 Axstsict

i‘N °l

2ok AL

A &29] z2habAl ZARE Co-60 7o Z2AFA A (414 107
Ci, IR-70 gamma irradiator, MDS Nordion, Canada)< ©]
f3lod AL2(20£1°C)ollA 10 kGy/he] AEE FHAs
o] 0, 10, 20, 30 kGy7} =% zAlslgl o], Fpidske
el ceric cerous dosimeter(Bruker Instruments, Rhein-
stetten, Germany )2 Al-4-3e] & FeAdEe] a8 A4t
atadet.
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Fernandez—Artigas 5(18)2] uli oA e} #o] ZhntAl =

AlEl gdle] AW E 2A3)}7] 93 spectrophotometer

(UV-1601 PC, Shimadzu Co., Tokyo, Japan)& o]-&3}ef
284 nm<}t 420 nmolA] FHE=ZE A3t}
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3 5-dinitrosalicylic acid(DNSA) w-$
o] s tH(19). &, A& 1 mLe} DNSA £ 1
mLE &% ¥ B BlA 1082 wb5-A1 7] F W 7hste]
spectrophotometer(UV-1601 PC, Shimadzu Co., Tokyo,
Japan)Z o] 8-3}¢] 550 nmel| 4] F-F =& A3t} o] o,
DNSA 492 35*dinitrosalicyhc acid 0.5 g, sodium hy-
droxide 8 g, Rochell9d 150 g2 ol £3) 8k 3 500 mL
2 4431l ZAs o, 2 F34
S o] &3fe] AAbatait
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22 Lin 52002 WY& F23te o 22 =
Ao g 2439}t HPLC system= separation modules
(Waters 2690, Waters Co., Milford, MA, USA), millennium

32 chromatography manager(system Software, Workstation
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version 3.0, Waters Co.), refractive index detector(waters
2410, Waters Co.), high performance carbohydrate column
(4 um, 4.6 mmx250 mm, Waters Co.)& A}-&3}¢].om,
mobile phaset acetonitrile-water(75:25 v/v)Z 1.4 mL/
min®] §4-0% shelevl, AR FFL 15wl Aek B
gheke A 2.9 peakst Z7be] B2 02~1.0%9 EF Al
Z3te] FHW peak Wo1E 1FOE FEE AN,

EAHAE]

Zb 5o ) Sdq A3E 33 ubE AAsi o,
o]zl A7A}EL Windows SPSS 10.021)el| 4] Z2a1#9%l
general linear model procedures, least square 3 #3H2
Duncan®] multiple range test®]& AF8-3le] H7lslgiv}
(p<0.05).

(sucrose glucose fructose, xylose,
arabinose) -5 31} lysine £42] 284 nm¢} 420 nm9| &%
% Table 13 o} v] & 4% zZhinkg-2 it o =
7, 7, W719) 3RAR BRAN AN e AHAFA
doele] FRE THE 4+ ATHII). F, 27BAE
o opplinAbe] Faubge] dolubt WAl o)Al o3 o]
3} A BA G Bl FHETF 1A g on], 3]
WAl A8 F7) BAHA ool A BA A9 FHE
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Table 1. Absorbance at 284 nm and 420 nm of the sugar
solutions (1.0 M) and lysine solution (1.0 M) after gamma-
irradiation

Irradiation dose (kGy)

1)
0 10 20 30 SEM

a4 (Dil 1/10)
Sucrose 0.000% 0202 0202° 0313* 0.0061
Glucose 0.0009  0.490° 0852° 1.038% 0.0292
Fructose 0.000¢  0192° 0308° 0376 0.0150
Xylose 0.000  0100° 0128 0.164*° 0.0032
Arabinose  0.000° 0005  0009° 0.122* 0.0081
Lysine 0.000"  0082° 0134° 0212° 00078

Agzn .

Sucrose 0.000¥ 0002 0002 0003  0.0007
Glucose 0.000 0002 0002 0002  0.0058
Fructose 0.000 0.004 0017 0005 0.0058
Xylose 0.000 0.001 0002 0001  0.0005
Arabinose  0.000 0.003 0002 0004 00008
Lysine 0.000 0005 0004 0003  0.0004

YSEM: pooled standard errors of the mean (n=12).
“Different letters within a row differ significantly (p<0.05).
Not significantly different between samples.

3 3k ch webA 284 nmell A 9] FH = (A s 2 2]
A, 420 nmoll A9 FH = (Apy)= 2
7b "eb(18). ¥ A7A el 2E 7 2 lysine & oA
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3 2 lysine £N9 Aped 30 kGy ZAFE A = vl ZAE
o} A Apolr) ol A2 Vel 7 Y ofpu| 4t
8- Zhvkal Al o8 Ao Wistrb aE A ¢kt
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Fig. 1. Absorbance at 284 nm (dilution 1/10) of the sugar—

lysine solutions” after gamma irradiation.

Sucrose (@), glucose (W), fructose (), xylose (A) and arabinose (x).

YSugar-amino acid solution: the samples contained sugar (su-
crose, glucose, fructose, xylose or arabinose) and lysine at molar
ratio of 1:1, a final concentration of 0.05 M in deionized distilled
water.
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Fig. 2. Brown color development in the sugar-amino acid
solutions” after gamma irradiation measured spectro-
photometrically at 420 nm.

Sucrose (#), glucose (M), fructose (), xylose (A) and arabinose ().
Sugar amino acid solution: the samples contained sugar
(sucrose, glucose, fructose, xylose or arabinose) and lysine at
molar ratio of 1:1, a final concentration of 0.05 M in deionized
distilled water.

By e
E



586 )78 - oarE - A -

Zo doju}E Maillardih-g-3h -2 k-3
AR kgl AEs o W At 283

cto| szt 9l 29lad bis)

F-lysine E5-8-4 ] ZhotAd ZAlol O F eF WEE
Table 2o vtelliglch & -lysine &34 < k2 7t

bl ZAMA e v E A o2 Zhas =
glucose>fructose>sucrose>arabinose 2= el 30
kGy &4 Al & ko] Zhz) 16.8%, 11.3%, 10.4%, 9.5%,
6.7% a3kl et o] = Zhukal FAbell 23 7 -lysine-§-<4 2]
Zyx el v)5d o), o] A =t ez} AaRAAs}
= A2 Vel ghebad Falel] o3t vl A4 ZHukg
o] F-alatEo] AL vell= Ao ol 7 ] efr
Abe] At E S AE db-go g AAEFHE-S A
olgb= oL Fte 7S A E A U o] ol T ]
A7l Basic) vk Al o3 Fo #HAH WIS
Table 3ol Yetidct v)&d9al sucrose= ZHvkAl 24}
off olal o] A en] Fabsl ol whef ol L
2 Zrlslsict ole gt v Al sucrosee} FHEo] Zhut
A Al o3 el o] A= AL W Al B
= vl Qleh(824). ek ZAlel oef A% AFAUAEE
2 AR E2 olFo glucosed C1 Y29 glycosidic
linkage?] #+49S 4 oA AxgA o2 o]2]3 radiolytic end
products7} #LAH & Z= 7 02 R wEe] 9} o] 3k

1

r
o

ox
=

o o 22
o

e W RE ALEAA ARV Aol &
of Nl EAA AUNLS] 27D FLT o FE B

Table 2. Remaining sugar (mg/mL) of the sugar-amino acid
solution'’ after irradiation

Irradiation dose (kGy)

2)
0 10 20 30 SEM
Sucrose  16.99°  1606°  1550° 1515  0.239
Glucose 8.95° 795" 766  745° 0265
Fructose  8.93° 840" 818 7.92° 0238
Xylose 7.40° 713 683" 670" 0189
Arabinose  7.46° 7.29° 7.11¢ 696°  0.067

1)Sugar—amino acid solution: the samples contained sugar (su-
crose, glucose, fructose, xylose or arabinose) and lysine at
molar ratio of 1:1, a final concentration of 0.05 M in deionized
distilled water.

YSEM: pooled standard error of the mean (n=15).
Different letters within a row differ significantly (p<0.05).

Table 3. Changes of the reducing level (%) in the sugar
solution (1.0 M) after gamma-irradiation

Irradiation dose (kGy)

1)
0 10 20 30 SEM
Sucrose 000  1.06° 161* 206 0236
Glucose  18.44 18.40 18.28 1817 0271
Fructose 1803° 1759 17.15° 1655°  0.3i2

DsEM: pooled standard error of mean (n=12).
PDifferent letters within a row differ significantly (p<0.05).
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