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MgCL Z % 8 (TP) R &8 (MF) # A R WH R G £ A M L F X T E FA Bk,
Na,SO; Fe’* +Asc.Fe** +Cys (€ # 4 & FA 8§ £ K, X3k JE CA.CaCl, #2 TP R P 4 & |
W 90% P Loy FA, J & W # R K 2 7 % 10 mmol/L,10 mmol/L #7 0.1% , # # #| CA,
CaCl, \MgCl, # 8 W D 4t & & B EM = ¥ B (TMAO) 2 4 &% FA, Z ¥ (DMA) fu = ¥
B(TMA) 7 TP 7o MF i A & 68t & H i £ W FA, B ERXRBHE T &t FAWH
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EAEECEAEEY N, EREN, AWHAXN R EF AT & inT o+ FA BHAH -
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AR, TP(4iE 60% ) W T #i 1L Km0t 58
MF R SC58 % B il Anif FA I T ERA 5
TRy B R bs v B 5T T TMA # DMA #3 i
i KOH 28 35 BR R . — Ak Bk X 5 m 9 Jim %5
R, I THERES ARMILEL T A,

& AN E T UV-2550: 5 B
Shimadzu /4] ; Foss Kjeltec 2100 4 B shgl K E
RAX: F+ & Foss 24 H]; A M X TA-XT2i: 3 H
Stable Micro System /2 #&]; i 22 {¥ CR-400;
CHROMA MOETER,
1.2 HEmibE

FRAtaE KBS EE NKERUL, ER
B, B BN, a5, B AR
BHAPN,1:2(G: V) 5 Tris-Z R ¥ (pH
7.0)RA, 5%, B0 (3 000 x g,12 min) , X EF
WU 111 ERIEE, 5%, EEWK, b
BWRIRA, MR aeta LI 4 TS,
1.3 FMYWERT FA £

wHRA R OB EEREREN &
SRETF EAN BV LR H YRS
9 26 25 PR IE — € VR ECH , K TP MF,
BEFREA R, S 6L6 AR _EiFEBR U
FHRRA (G V), LUMAZEBK AL S AR
#8,100 T4 15 min, BH,1 mL 7.5% =&, 7
BRZ L SR, T SE AL BE HE i FA & 8784k,

FAWE MM CAC FIMg™ B
HEERRE 75 0.0.2.0.4.0.6.0.8.1.0.10.0.,
50.0 mmol/L, TP 1 MF % 0% .0.05% .0.1% .
0.5%.1.0% , 5% FBEREE,100 T4H4HE 15
min , 2], TCA 4 1E B, W E FA &, S5
HERER)E,#E TP(A) .CaClL(B) Ml CA(C) ik
H=HEE =K FHAALE, RA L (3°) EXR
wit, WEs A FIFWR FA il DMA & &,

FRAER AR KRR R
BT a5 586 EERAE 100 THER 15 min, Ji
RN HTE FA,DMA TMA fil TMAO &, [d
B 540k FA(S wg/mL) ISR (v: v) BE, UL
TKAEERAE 3t B, 7E 60 T 100 THEA 15 min,
%€ FA F &,

F A ) R 89 B X 5 o £ L Y A%
%, U R 3 ~4 mm K8 BREEE NN,
HarHE5K EEMBIFAE4 CRERIEI2 0,

(100 C,10 min) , M 5E 3 Lk & F 9 FA fI
DMA B H R Rz,
1.4 FA DMA TMA 1 TMAO fllE

FA DI B B8 FA, i Nash 2500 & , 78
K 413 nm 6 DMA Il E 5 R AAR L L =
TS HEE(GO) B 2 mL ZH 2R
BB, EAZE 5 mL, A 2 mL 65% KOH, %} H
KBS - PR 2 mL,60 TR 1h, B
KB E0, 9% 3 min j5, GC — FID 43047 ; Tk
BRI E TMA, 7E KK 410 nm b £8; TMAO il
%F 1% TiCl, 80 T 90 s ¥ TMAO & & W
TMA, Il ¢ TMA & &, TMAO R AR R G
TMA J88 AT TMA, 18 5 TMAO &,
1.5 HiELE

FARBHMELR 3 K, EREL WA £
M2, RFH SAS AT EIEALH, B HE R
Fi ANOVA #1725 WA 7347

2 HR55H

2.1 HEHEFE FA EFRHE

ST AR R R R T AR A Y FA
TR, AT 25 MRS A A LB
13 FA R (£ 1) , SR B, ALY Xt
Bifa PIFI EIEWR FA R BUAEML, HIE W FA
AL B, TMAO,Fe®* | Fe’* + Cys,Fe’* +
Asc,Na,S Na,SO, JHZBRAN H,0, ﬁ‘ﬁﬁi& FA
B (P <0.05), H Na,SO, & B &,
Fe’* + Cys.Fe’* + Asc (R >, Na,SO, fEiR 5
feRtah & FA B4 B, LA AT B 3o 73 hn 27
FER 42 £, Na, S R BRI BMR SR, i[RI
EWAL Y Na,SO, 2%t FA S BEE R M, H
B, Cys 1 Asc | Fe** HjB8 B & ¥ FA 192
(P <0.05), M8 — Asc {EgE/ERE /N, Cys B
FEAR FA BFEF, 7T I Fe®* X iR FA 204/ K0
BEEEH, BZR. R . BEREREY M
H,0, W RE{Z Bt FA W 7r i [ N T 2 0E. 2,
¥ RIS, Na 2, Asc, Arg, EDTA | Na, SO, %1
Fx L FA B LE W, TP MF. & & 7R,
CA.Ca’* \Mg"* .Cys HAFEREf FA 2K
Fi(P <0.05) , 3 TP.Ca*" il CA #MIHI%RH
B, TP MF. & & TR ZEBERY R, 7 LS

& FA,
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Tab.1 Effects of different additives on FA formation in the squid at high temperature
— ( mif 5L ) FA §8(%)FA cont(j.nt — e FA 58(%)FA cont(j.nt
additives R LA LER additives ( mmol/I_:) LA LER
concentration muscle supernatant concentration muscle supernatant
H,0 - 1.00! 1.00™m" H,0, 50 1.548 2.47¢
TMAO 20 1.448 1.71% Ca®* 10 0.22™ 0.14?°
asc 1.05% 1.304 Mgt 10 0.41™ 0.39°
cys 0.70% 0.83" Na* 10 1.0 1. 05k
arg 1.15M 1.16% CA 10 0.30™ 0.13%®
Fe?* 0.2 3.21¢ 3.58° AA 10 1.19" 1.314
Fe** +asc 0.2+2 14.24° 22.06° PA 10 1.221 1.26%
Fe®* +cys 0.2 +2 14.02° 22.79° glucose 10 0.98! 0.91™
EDTA 50 1.04% 1. 04X™ saccharose 10 1.04% 1.37
Na,$ 10 1.68f 4. 844 lactose 10 1.0 1.14%
Na, SO, 10 27.26% 42.80° MF 0.05% 0.43! 0.25°
Na, SO, 10 0.97 1.18W TP 0.1% 0.15° 0.05?
IA 10 2.26° 2.188 GA 10 0.40™ 0.20?

B ARTREFRTERBE(P<0.05), TH, IANMRZE,AA BZER,PA NHEER, GA FBR TR

Notes: different letters show significant difference (P <0.05) , the same below. IA is idoacetic acid, AA is phosphoric acid, PA is acetic acid,

GA is gallic acid.

2.2 MEFIxEGRE FA SEHNPRE

% CA ., CaCl, .MgCl, .\ TP.MF 5 F#j i X ik
£ FA I, Dok T B — 30 i 50 1) B A4 A v
E(EL), &£RBR,5 Bk EyEs
AR R IRVER R B FA S8 (P <0.05) , K
TP 1 CA 2 58 & , CaCl, ¥k , MP F MgCl,
B2, RIEER CA RIBEBAIMENTE T, HEE
YRR, W HICR Z R, T 10 mmol/L
M H k] 98% , CaCl, 1 BA B AT HI/E
A, BT 10 mmol/L 2R F] 92% , Mg™* il
HIVEFEA BT CA 1 Ca®" (YR Mg™* o
RV, BEE VR R 3, I Ve & 2 1R,

100 E==CA ef f
= Cal > o
e Mg?
g 80 ‘
® 7]
& B
£, 60;
.5 a
ES 40
87
= 20
-
P2 /
0 a LS
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FA reducing rate

50 mmol/L B}l 21X 8] 58% , TP 1 MF £
FLEFH) FA SIRIRCR, 2 TP LT MF,0.5% 1
FAM B FA Wi 28 53 3| 25 B 97% 1 80% - ik
Brp &3, BT TP Al MF ¥ 9 Y 2 By2E, HiF
e VR B T T B, S VR IR R, R
PIE 3, B Bl 2 MF, T 0,5 7 FA il 57| 72
fR¥& BT BB R I & FA &8, Hp CA,
TP A1 CaCl, BCR B4, MgCl, f1 MF k2, CA,
CaCl,, MgCl,, TP, MF 1 5% {3 1E R ¥ & 43 51
10. 0 mmol/L. 10. 0 mmol/L. 50. 0 mmol/L.
0.1% .0.05% ,

4071

207

1.00

0. 05 0. 50

IHIFIASE/ (nmo1 /L)

concentration of inhibitor

0.10

E1 FAHRFBREERRERL

FRFERFRZERBE (P <0.05), T,

Fig.1 The optimal concentration of five kinds of inhibitors in the supernatant of squid
Diferent letters show significant difference (P <0.05) , the same below.
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) ) 2t ok & EF & TMAO 2 #e %A
RS T HIRA R 5 BRI esa LER
FA .DMA .TMA #1 TMAO & BHMEm(E2), 4
RER, WHF AR LER P FA &
(P <0.05) ,HH CA.TP fil Ca®* B #4F , Mg™*
MMFRZ, 5REERSR -3 #MHH CA,

Ca’™* fl Mg™" RE B & M & L7§ % DMA & &

CZIOTMA
£ DMA
ey FA

e o]
o
o

[o}]
(=]

S
(=]

€

O CACaMg TPMF CACaMgTPMF CACaMgTPMF

HHIZE /%
reducing rate

DN
(=]

TMAOZ} B /%

reducing rate of TMAO

(P<0.05), W&k 75.2% L\ b, Wi TP f
MF 1E R 155, 40 4l 37 38 BB 8 2> TMA 19 2 B
(P<0.05), 3 CAfl Ca®* MHIBMEEXRT
22.6% Lk b, i Mg** 1 TP By > & 4 5 K
16.6% F111.2% ,MF &2, fHMNE,CA.Ca’* fll
Mg** REZE 2% TMAO WA, AR B (P <
0.05),CA F1 Ca** 31 % VE F 4> B & 18. 6% F
10.8% ,TP 1 MF X} TMAO #MEE A BE .

decomposation
— = [}
oo [N} [o)] o
o

S

o

Mg

CA  Ca

H2 #MHEFXNEEKSE FA.DMA . TMA &5 TMAO 22K %0
Fig.2 Effect of inhibitors on TMAO decomposition to FA, DMA, and TMA at high temperature

WE R A FA 60940 HE—Bat T
FHRAR I T B AR B R 50 3 A o FA P9
SR (K 3) , 4R B, TP fl MF X FA 7
BRIAWB NS SR, K TP B8R E, MF
WZ,CA B MBI, Ca™" f1 Mg™* TR,
¥R B HT LA $R B TP F MF #i 3R FA /R, A% T 60
T,100 Tht TP 454 FA E M 56. 6% 158 3
81.7% L5 R T W, WA B 52 & W 50 TP 70
MF %54 FA B8E7

90

=260 C
3 75 eAa100 C
:\f 60
¥ o0
=545
Q
%2 90
]
&
15 "
a . a a aa
iz W7 B
CA Ca Mg

E3 HEFHTHEMXN FAFERENSESER
Fig.3 Reactivity of the inhibitors with FA
standard solution at high temperature

2.4 M#IF TP.CaCl, 71 CA =EEEZTHS
N

3 MY TP, CaCl, 1 CA A A RE TR
A RIFHMEER, #17 T ZHE=ZKEHIER
etk (FE 2) , 4R 8%, TP,CaCl, F1 CA 9 4 xi#k
£ FIEW SR FA 1 DMA & 8348 BRI H
YER, (B 2 & 4lH FA 71 DMA ) P H¥ KT
0.05, UiBH 3 FHHIGIFI A RLE ST BEEZF
FEMERE A, MG+ CA XA LER
FA f1 DMA W2 IRAEXTE K, Rk R $ CAF
7ERt FA S BB, friAk%E" BR TP 5 FA
BV AER pH 7E 4 ~10 B, fEE pH (B3 X, FA 35
SEBERM, RHAERERGTARAT TP S
FA 454, It EH CA WESMEIN FA &4
BB, 1 HNEMO.2% i) TP, FA 2B ZE
W, i DMA S BE THEH, TeE TP X
3R FA, X =R TMAO JERG s fE R 2 A
K. T TP i CaCl, 414 7E FA Fl DMA #IHIZCR
¥4t %R TP B BB axafl s aFEmd
m, B SRR AR YR TP RIAS B TR0 A, B
0.04% TPF1 10 mmol/L CaCl, HEWENEE

o
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x2 EXXBEIHTEER
Tab.2 Orthogonal experiment design and result

= P CaCl. CA
Zﬁ?n?l (%) ( mmol/zL) (mmol/L) FA DMA
1 1(0.02% ) 1(0) 1(0) 1.66 13.29
2 1 2(5) 2(5) 5.16 5.83
3 1 3(10) 3(10) 1.64 7.02
4 2(0.04% ) 1 2 3.20 6.57
5 2 2 3 4.28 8.00
6 2 3 1 0.47 7.17
7 3(0.06% ) 1 3 3.21 7.13
8 3 2 1 1.17 7.18
9 3 3 2 5.64 6.17
K, 8. 46 8.16 3.3
K, 8. 04 10. 61 14. 09
FA T=26.53
K, 10. 02 7.75 9.13
R 0. 66 0. 96 3.60
K, 26. 14 26. 99 27.64
K, 21. 74 21.01 18.57
DMA T=68.36
K, 20. 48 20. 36 22.15
R 1. 88 2.21 3.02

2.5 E&5WMHEHFESE R PHEIE

BRI JKAE SMHI5R e 8t 28
ZEHWFAFIDMA & EHRSE. A AA
ZAH LR R BIR,0. 04% TP 1 10 mmol/
CaCl, Ab 345 RE B . F# ik FA F1 DMA & &, FA
8 M 12.09 mg/kg T T 2. 81 mg/kg, DMA
&M 70.65 mg/kg T REF] 32. 60 mg/kg, FHA
AW EA BIRZEZ DR FA 1 DMA 194
Blo TZKIR ML 7] LA A &8 40 1) FA F1 DMA
S8, B THAERN FA f1ZH R LA #E K.

FHAEBL0.04% TP F1 10 mmol/ CaCl, & -5l
RUEHAEFTEATESNRERARE, MW
KRRMAEA SR BEE, TREH TR AW
il TP BB S EHRHETH S, HE A AL
sikaE™ . EAWHN LA BNt a
FEIBEE (P <0.05) , T 35 44 711 H Mg 4 0 (. 35 5%
W R AR LEMAE c HABEZER
(P<0.05),M&E X b" A 3 HM L. HERENR,
B A BB K FA 71 DMA & & , Xt
AR EEMGAES LM,

x3 SATFAMFANEZRKERFASE. RETEE PN
Tab.3 Effects of compound inhibitors on the content of FA, DMA and protein,

texture and colour of cooked squid slice

SRR texture 5,2 color
SLSRA P opwa  HESE T,
treated U] mg/k; mg/k; N ® ® ®
srotp (me/ke)  (me/ke) protein content hardness  springness  chewiness L @ b
it 8 control 12.192 72. 062 38.712 178.34° 2.03 242.86 84.43° -1.20° 15.82
*5@ 11. 782 53.65° 36.49° 184.01° 1.93 251. 70 85.36° -1.05" 15.20
soak in water
I 2.83" 33.52°¢ 37.43% 256. 672 1.92 243.28 79.88° 0.37* 15.79

soak in inhibitor

3 itig

RECBCPK A K E, R N
Ptk FA () RS0 B 48 5l i 7k 2 B T 72 F B9 P
o MRS Gh FA [, JUHGRA R 35 6

f FA FREBOVETIREBHRNES ., AR
Frareiea IR FA B9 R 2RI T m i 3E g
e, e T 5 B BLIFEG FA 05050, IER LIRSS
T—FRREI AW, B8 B T R
YERIBLE
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iyt A R LB FA & /2N
o1, EEWE B2, Na,SO, Al Fe™* fel B {2k
F IR FA 4 BRI, Na, SO, {23 15 A lhFe™ +
Cys f1 Fe’* + Asc ¥ &, 5 Na,SO, M #,
Na,SO, BRI R RN, EEENRH M T
EARNMGEN, ARGERER, BREY R
Cys il Asc fEFIRA R A B, LR R 1 7T BER
EWE FA R EEEE, Spinelli £ BF5
HFEHEF Fe** ,Sn®* M1 SO, REfE# TMAO 4
fi# % DMA, Hit, 5 SO, 241,80, (& §** ) of
fE2 5 TMAO i F s w™ , Kimura %' g
BHEERFREEHETARER F WIEMH, &
TMAOase #4k it #2H Fe** 7 TMAO [ Ff 2 72
BEEMEF, T, Fe* £ E IR FA £+
FREEMEH, Cys il Asc BV T RE R4k Fe’*
EHER . Cys bl Amik R FA 58, T
f5 FA 546 %, B Cys AL A FHP
e FA™

AW EEXT REA B IREE A IR M FA
B BHMEIFEST TIRA D . 5 Fp FA #HIF
FR A A L IE R TMAO g fE R A1 FA
BRHBRERNZR, RAMHFBEA AR
A9 FA $5I45¢E . CA,Ca" F11 Mg™* 38 i ) il R
£ B TMAO FH IR SN , 8/ 7= ) FA
DMA 71 TMA [4E B, T REAR B 25 1 9 FA &
B, Hh CA MBI R B, C™ Rz, Mg &
., 1M TP F1 MF X} L7+ TMAO #h)-#%JC 8
EW, /> DMA fl TMA S EREHEH T
CA.Ca" il Mg** 1R, 3+ H.BE B 2% PR iKAR i FA
&, A TP f1 MF R ELE MR L ER P RER
HIF=YIkFEREL S FA 58, LRBANREHM
HIE T MHIRMER TR, ARREH R TP
RATMRBRE FA #IRIEMA, TP REH SR LLILE
B ENERRESRLAY, H EGCg ECg 454
FA [ RE 5 82 & F C,EC,EGC™, TP 1 MF
B R BRYR, 58 LR RE A SRRE =ML
5 FA g5/ T FA F &I K. CA ST
A3INRENEZ TR, REP AR FREEMEIN
MHETF, ERSTEZHETHNEBE FTHEAT
B ERIRE S, CA BRI BT L 56t
5 FEBRTEHERETES, BFHIR F LM
il TMAO 43,38/ FA fl DMA & &, Ti
IR Ry Ca® \Mg** T RE- S5 Y Fe®* 54,

M TMAO K70 , LB ¢ THE— 20150
S AMHIR B E > FA Al DMA &
B, WERR LR EEW BRI -SMHIHI
B R N a2 — e, AR R
el e S o Ca® & B K, T 0. 4% IRIK
B TP Xt G EAE — B R T, 1 AE R 8L 6 5%
B TP By e i A AL A R, (Bt 8 1 b
B, sifmy Rue N &P EENRRES,7E
ReiE gz AWM TR TG, Sl 28 2
W EEEMER, T UAE—E R LR RE S
xR 2R B, &AW 5 Xt
Al AP IR FA 9P H7E — R B9 DA AR o
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Control on the intrinisic formaldehyde content in jumbo squid
based on the non-enzymatic thermal pathway

ZHU Jun-li, LI Jian-rong* , MIAO Lin-lin, LI Xue-peng
( College of Food Science and Biotechnology, Zhejiang Gongshang University ,
Food Safety Key Lab of Zhejiang Province, Hangzhou 310035, China)

Abstract; The objective of this study was to assess the control on formation of formaldehyde (FA) during
the heating processing in jumbo squid by compound inhibitors. The substances inhibiting the formation of
FA were selected in the squid, and the property of inhibitors to reduce FA was analyzed. The compound
inhibitors was optimized by single factor experiment and orthogonal experiment. The results showed that the
amount of FA decreaed significantly in the squid treated by citric acid ( CA), CaCl,, MgCl,, tea
polyphenolic ( TP) , mulberry flavonoids ( MF) , whereas, it increased greatly treated by Na,SO,, Fe** in
presence of the reductants of cysteine and ascorbate. The low concentration of inhibitors, CA, CaCl, and
TP, could reduce more than 90% of the amount of FA in supernatant of squid, and the optimal inhibiting
concentrations were 10 mmol/L, 10 mmol/L and 0. 1%, respectively. The thermal decomposition of
trimethylamine-N-oxide ( TMAO) to FA, dimethylamine ( DMA) and trimethylamine ( TMA) was
significantly inhibited by CA, CaCl,, MgCl,, while, the amount of FA could be reacted effectively by TP
and MP in the squid at high temperature. Then the amount of FA and DMA dropped significantly, and the
content of protein was not affected for the squid slice treated by the optimal compound inhibitors, 0. 04%
TP and 10 mmol/L CaCl,. Therefore, the compound inhibitors of FA have a potential application in the
control of the amount of FA in squid processing.

Key words ; Dosidicus gigas; formaldehyde; non-enzymatic pathway; inhibitor; tea polyphenolic
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