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Detection of Maillard Reaction Products with Tetrazolium Salt
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O tomoko shimamuraO
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0 SummaryQ

It is well-known that the Maillard reaction, also called non-
enzymatic browning or glycation, is important for the forma-
tion of color, aroma, and flavor in food. However, it can cause
deterioration of food quality, including generation of mu-
tagenic compounds and loss of nutritional value. Thus, de-
tection of Maillard reaction products is of paramount impor-
tance for the quality evaluation of food. This article reviews
some of the studies designed to detect the Maillard reaction
products such as aminoreductone generated in milk,
dihydrofructosazine formed by the self-condensation reac-
tion of glucosamine, and superoxide anion (O2") produced
during the Maillard reaction. All the analyses described here
are based on the reduction of tetrazolium salt, especially XTT
and WST-1. Rapid and convenient methods for detecting
Maillard reaction products with high specificity were made
possible using these tetrazolium salts.

goboooboooooooooooboboobobooooooboooon
goooooooooboogon

100000

1010000000000

00000000 (Maillardreaction) 000000000 OoOnO
0o0oooboooooooooooooooooooooon
goooooooooooooooooboooooooooboooo
goddobbooooouobbbbooooobobobuooooo
0000000000000 000000000Oo0ooooDoon
goooooooooooooooooooooooooboooo
01000 (O000)00D0DOO0O0D0DOOO0ODOOO0OOOO
0000000000000000000O0D0O0O02000 (O
O00)o00oooooooooooooo 3000 (0oooo
0)000o0000o000oOo0oooOooooOooooooon
000000oo0o0o0o0ooooOooOoooooilooooo
gooo0oO0o0oboOoobooboobOooooooOooooo
0o0doobooOooooooobooooooooboboooono
goooooooooooooo

10200000

00000000000000000000000000Hodge
0000000000000 00D00D0oOOoNamikiooOo
000000%Y0HodgeO OOOOOO00O0ODOOD 300000
goooooooooooooooboooobooooooooon
oooooooooboooooooooobobobooooooooo
goooooooooooooooobooobooooooooo
0000 2,3-000000000 1-o0o0oooooooo
Oooooooo0l2-0p0oo0ooos3-gooooooo
000000000000 uoooooooooopHOOOO
oo0o0ooooO0ooooOooOooUooOooUOoO 200
0004-0000000000D00D0O0O00O0OOO0ODOOOO
000000002%204-000000000000000000

gobodooboooooooooooobooboooooooboooon
gobooooooooooooooobooboooooooooon
ooooooooobooooooooooboboboooooooo
gobooooooooooooooobooobooooooboooon
000000000 (00D0000)000D0oOoOooOOooooaO
ooooooooooooooooOoOobOObocboboOooooooo
0000000000000 00OHodgeD DO OO OO 1000
O000D0OO0ONamkioODOODOOODODOOOODODOMDOOOOO
000000000 20003000000000O0OooOoo
goboboooooooooooooooboooooooooooon
ooooooooboobooooooooooboboboooooooo
gobodoooboooooooooooobooobooooooboooon
goboobooogoboobooboobooboobbobooo
oooooooooboooooooooobobooooooooo
000000000000000 %0

20000000000000000000D000D00O000O0
20100000000000000000000XTTOOO
oo

ooooooooobocoooooooooboboOoooooooo
O000000o0oUo0oooooooooo6e2065003000
0o00ooooo (LTLT)Oooo720 7500 1500000000
(HTST) O0ODOOO0OOO0 120000000000000000
(UHT) O ooOooOOooooooooooooooooooooo
oooooooooboooooooooobobooooooooo
ooooooooobooooooooooboboboooooooo
ooooooooobooooooooobbobooooooooo
ooooooooobooooooooooboboboooooooo
oooooooooboooooooooobobooooooooo
ooooooooooooooooooobo@muooomoono



®
DOJIN News No.122(2007)

HaCO oy
N
e 73 N
NH—C ‘+ Na+
NéN
HsCO SOy

Fig. 1 Structure of tetrazolium salt XTT
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Fig. 2 XTT reducibility of milk sterilized and pasteurized under different
conditions. LTLT milk; 650, 30 min, UHT milk; 1300, 2 sec, LL
milk; 1400, 3 sec
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Fig. 3 Changes in the XTT reducibility of LL milk during storage.LL
milks were stored at 4°C or 37°C for 4 weeks.
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Fig. 4 Spectrum changes of lactose-butylamine heated model solution by
the addition of XTT.
Lactose (262 mM) and butylamine (1.16 M) in 1.28 M phosphate
buffer (pH 7.0) were heated at 100°C for 15 min.
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Fig. 5 Structure of aminoreductone formed from lactose and butylamine
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Fig. 6 Proposed principle of the XTT assay
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Fig. 7 Time courses of the XTT reducibility of glucosamine.
Glucosamine (0.2 M, 0.5 M, or 1.0 M) in 50 mM sodium phosphate
buffer (pH 7.4) was incubated at 37°C for 24 h.
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Fig. 8 HPLC chromatogram of the glucosamine derivatives and XTTO
reducibility of the fractionated eluate (¢ absorbance at
492nm).Glucosamine (0.5 M) in a 50 mM sodium phosphate buffer
(pH7.4) containing 5 uM DTPA was incubated at 37°C for 4 h. The
XTT reducibility was measured after the eluate had been
fractionated from 3.00 to 10.00 min at intervals of 5 s.
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Fig. 9 Time course of the XTT reducibility of Fraction D.
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Fig. 12 Time courses of the absorbance change by the WST-1 assay.
DL-Glyceraldehyde or glycolaldehyde (5 mM), N*acetyl-L-lysine
(10 mM) and DTPA (50 uM) in 50 mM chelex-treated phosphate
buffer (pH 7.0) were incubated for 2 days at 37°C.The assay
was performed in the absence (» , a) and the presence (- , O)
of SOD.
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a 100 g 9,600 341-08241 GB71
ooooooooo-o 7,200

g 0005009 34,800 343-08245 GB71
ooooooooo-o26,000
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g 100 g 9,400 348-08251 GB72
O0oooooooo -0 8,000

O0o0ooOooos500g 34,000 340-08255 GB72

oooo0ooooo -028,800

*OOOODOO buffero000010x MESA, 10x TBE,
10x TE ,20x SSC ,20x SSPE,1 M Tris-HCI, 0.5 M EDTA
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00 oad 00000 0O0(@ooooo oooooooo
ADA 259 3,400 346-04732 GB02
100 g 8,200 348-04731
ACESOOOOO 25¢g 8,000 347-04882 GBO1
100g 24,600 349-04881 0
BES 25¢ 2,800 341-00262 GBO03
100 g 8,000 347-00264
500g 31,600 345-00265
Bicine 259 2,800 347-03282 GB04
100 g 7,000 343-03284
Bis-Tris 25¢9 4,800 343-04742 GBO05
100g 14,000 345-04741
CAPS 25¢ 4,000 347-00482 GBO06
100g 10,800 343-00484
CHES 25¢ 3,800 342-04692 GBO07
EPPS 25¢ 5,800 348-03192 GBO09
HEPES 25¢9 2,400 348-01372 GB10
100 g 6,400 346-01373
250g 14,000 340-01371
500g 23,000 342-01375
1kg 44,200 340-01376
HEPPSO 25¢ 6,200 340-04132 GB11
MES oo 25¢ 2,600 341-01622 GB12
OO0 0100g 6,400 349-01623
00 250g 14,000 343-01621
ooo 500g 26,000 345-01625
0ooo 1kg 47,000 343-01626 0
MOPS 25¢9 2,800 349-01802 GB13
100 g 6,400 345-01804
250g 15,600 341-01801
500g 24,000 343-01805
1kg 43,000 341-01806
MOPSO 25¢ 3,800 341-04162 GB14
PIPES 259 3,200 341-02222 GB15
100 g 7,800 347-02224 O
500g 28,400 345-02225 0
PIPES sesquisodium 25 g 3,800 340-080320 GB25
POPSO 259 5,200 344-04152 GB16
TAPS 259 3,200 344-02572 GB17
100 g 9,400 340-02574
TAPSO 259 4,800 348-04172 GB20
TES 25¢9 5,200 346-02652 GB18
100g 12,800 344-02653
500g 53,400 340-02655
Tricine 25¢9 2,800 341-02842 GB19
100 g 7,800 347-02844
HEPES huffer solution 200 ml 11,000 345-06681 GB60
MOPS buffer solution 200 ml 11,000 342-06691 GB61
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