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Abstract: The aim of this study was to assess the endogenous stimulating factors of thermal decomposition of trimethylamine-N-oxide
(TMAO). The influence of reducing sugar on the thermal conversion of TMAO to formaldehyde (FA), dimethylamine (DMA), and
trimethylamine (TMA) in squid was studied using thermal de¢omposition kinetics: At high temperatures, the TMAO in squid was decomposed

<,
into FA, DMA, and TMA, and the content of the reducing

duced. In vitro screening demonstrated that the additions of seven types
of reducing sugars could significantly promote FA producti e supernatant of squid and the TMAO-Fe(II) system. Among them, galactose
exhibited the strongest stimulation effect; and a similar promoting effect was observed in the supernatant of squid and the TMAO-Fe(Il) system
on the decomposition of TMAO into FA, DMA, and TMA. Reaction kinetics of the thermal decomposition of TMAO in TMAO-Fe(II) and
TMAO-Fe(Il)-Gal were studied comparatively. The changes in the contents of FA, DMA, TMA, and TMAO followed the zero order kinetics.

The thermal decomposition of' was divided-into-two stages, in which the apparent activation energies of stage 2 were lower than those of

stage 1. The addition of galacts uced the activation energies significantly. Therefore, the addition of galactose and other reducing sugars

during the processin quid products to control the decomposition of TMAO to FA.
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Table 1 Contents of TMAO, DMA, TMA, FA, and reducing
sugar of squid mantle processed at 100 °C

Join . AF/(mg/L) .
0 min 30 min
TMAO 12406.54+2.09° 10685.6110.89°
TMA 1.89+0.01°
DMA 91.04+10.38"
WV ES 9.65+1.98"
RN 320.32+1.21°

E: R—ATYHELELAFEIRATREE £5
(p<0.05).
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Table 2 Effects of reducing sugars on the formation of FA in the squid supernatant, TMAO, and TMAO-Fe(l1) solution at 100 C

- e EE 4 TMAO TMAO-Fe(1I) ERA

AR 20,mM 20 mM 200 mM 20 mM 200 mM 20 mM
xt R 08:0.51°  7.0820. 0.75£0.01°  0.75+0.01° 21.38£021°  21.38+021° 0.087+0.001°
Gle .5‘,82" 15.40£0.03¢ 1.89£0.03°  1.95+0.02° 40.41£1.34°  150.01::4.89° 0.104+0.001°
La 66033 15.44+0.04° 1.0120.01  1.15£0.01¢ 32.07+2.89°  80.14+5.98° 0.110+0.010°
Gal 178050428 1173042.13¢ 1.30£0.02°  5.82+0.02° 5523£2.01Y  199.13£10.93% 0.120+0.009°
Lev 1474£0.17°1  45.04+0.12° 2.33£0.02"  7.48+0.02 176.06+2.83°  238.58+1.93 0.167+0.023
Man  11.07£023¢  30.11£2.11° 0.910.01™  2.22:0.09¢ 101.26£1.56°  212.12+3.03° 0.111£0.026°
Sac 8.64+0.04°  825+0.72° 0.81£0.04"  0.67+0.10° 31.42+0.14°  209.19+0.98° 0.096:0.001°
Xyl 13.54+032"  20.36+0.01¢ 1.64£0.098  4.05+0.07" 425141.98b°  188.36+3.09° 0.110+0.012°

E: AR ER 5 FHELE LATFERRATREE Z5F (p<0.05); BREKIEAK; Glc KAF F4E; Lac REIIE; Gal
REFIHE; Lev RAERAE; Man KEH FEHE; Sac REEME; Xyl KEAAIE.

23 RN stE EER TMAO-Fe( Itk %
TMAO # 2 B % ]

118

WF 7T HE— 25 23 M7 2 JUBE G it 35 A1 TMAO-
Fe(ID){A &4 TMAO #M@Iszm, ik 1 fis. 45
FRIL, FFUWESH O BB TMAO ARk
FA BEAN AR BE (1 T 1 36K (p<0.05), 200 mM



DR EmRH Modern Food Science and Technology

2017, Vol.33, No.3

i FA. DMA. TMA fl TMAO &&= 7liA % 117.30
mg/L. 354.10 mg/L. 28.34 mg/L F14298.07 mg/L, %*
PR IR . FLBEXT TMAO-Fe( 1) TMAO J3 it
7“4 FA. DMA M TMA {E RIS, Hh
R FERHE A E T8t B35, T4 IR A
60 mM i & Ik FPERIRAS . Rk, UM Bt b
TEM TMAO-Fe( 1)L TMAO 3 iifER -

375 - =FA  fiffa |3 - 5400
~ - DMA
= 300F -+ TMA
£ ~*TMAO 15100 2
_ >
3 225 ©
g 44800 §
< 5
E o 414500 —
=
ol 44200
0 50 100 150 200
HE / mM
750l TMAO-Fe (11) 7%
% 0
g 600F " 2
£ s
S asof 1”2
z £}
s _ 1450
~§ 300 %
a 300
£ 1s0p
. J ) . 150
0 50 100 150 200
WP / mM

B 1 FFpExeteE EERN TMAO-Fe (H)ARZRTE 100 M
DMA. TMA FOFRRES EAYSZ0
Fig.1 Effects of galactose on the levels of FA, DMA; TMA, and
TMAO in the supernatant o idand TMAO-Fe(ll) at 100 'C
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Fig.2 Effects of processing temperature and time on the
contents of FA, DMA, TMA, and TMAO in TMAO-Fe(ll) and
TMAO-Fe(11)-Gal
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7% 3 TMAO-Fe (11) 1 TMAO-Fe (11)~Gal {AZREREL, DMA, TMA F1
TMAO HOSEILEE
Table 3 Activation energies of the decomposition of TMAO to
FA, DMA, and TMA in TMAO-Fe(Il) and TMAO-Fe(l1)-Gal

aqueous solutions

YR TMAO-Fe(1I) TMAO-Fe( 11 )-Gal
AR Stepl Step2 Stepl Step2

37.66+£6.00 10.81+0.77
41.88+4.83 22.20+1.58

WES 687741230 29.72+0.52
DMA 534241220 23.7943.21

TMA  99.02+11.07 43.19+4.46 83.83+11.14 32.43+3.62
TMAO 48.14+0.99 36.90+1.35 25.87£2.90 17.93+£1.81
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