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Analysis of Correlation Between
Formaldehyde Content and
TTI(Time-Temperature Integrator)
Sensor during Storage of Alaska

Pollack

Dae-Uk Kim

Department of Food Science and Technology, Graduate School

Pukyong National University, Busan 608-737, Korea

Abstract

Alaska pollack (Theragra chalcogramma), one of the major fish resources,
has been traditionally consumed in Korea and also widely used such raw

materials as fresh fish, dried product, fillet, and frozen surumi in seafood



industry. Among them, Alaska pollack is mainly consumed as raw a frozen
state in Korea. However, no detail research has been performed on quality
maintenance and sanitation during manufacturing process, distribution and
storage. The objective measurement of fish quality is inadequate even though
there are many factors of leading the deterioration which are complicately

and dynamically occurred.

Distribution step is practically the main factor to lead a purchase by
customer's sensual estimation such as the appearance, odor and elasticity of
fish. Therefore, it is required to develop an objective method which can be

replaced instead of sensory evaluation.

It has been considered -that the main environmental. factors causing
quality deterioration are temperature and time during distribution ‘and storage
of fishes. However, no obvious research has ‘been performed on the quality
deterioration of Alaska pollack depending on temperature-time' history. The
objective of this study was to develop a ;system that can simply predict
variation of freshness in 'real time by analyzing the correlation between TTI
(Time-Temperature “Integrator) sensor and | concentration of formaldehyde
derived from decomposition -of. TMAO(Trimethylamine-N-Oxide). Based on
the above results, it can be suggested that there was-a significant correlation

between freshness of pollack and TTI sensor.
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J el (Alaska Pollack, Theragra chalcogramma)™ UWT-32] d|FoA=2 =
el A &Ml FAkE FollA A o] @ o]Fo|tk(Cha & Kim,
2009). 4£0] 1~10T, %41 200~300 mol A A2al= A ojFom
As] B AYode] Fo ool Foln, HEHE Y, H5 WL E
H %sto] e =ase A afol Wol AAsta vk AFE(ENIK)
o] o]Fo® ME(fFN), FHHK), ZEHFLK), FoAdf) 5 197FA
Hu, AFY olFoEeE AH(KN), SHEHK), Fol, =7t 59 °oF
o] 3l
Hefel ek AFEZFE HE Asle] #3 A5 (Cha et al; 2004), A5
o] #FZ AT (Velazquez et al, 2008), Tl o] 54 A gt A
(Lee et al, 1998), Ml E H7ksF 71x]9] #A54(Sung et al, 2009) &
7hEol #we A57F B

&, BH SolA= A=ASe &9 TMAO demethylasedl & 2] 3
TMAOZ} 23l =W U4 o= TMAZE 48] S718ekal, TMAO A9 H
g717F dlg] Ho] 22 sX° DMAS} formaldehydeZt A d == Ao =
e x S th(LeBlanc et al., 1988). WESh formaldehyde A4 o2 &&=
o AYNAME LA st= ASZ IS eJung et al., 2001).
zAo= A FfrE o
UA gL, o8 Fo A=7F st Srbekal, TMAOZE -3 Al et ¢
Fazbgol] oA ZdEo AAEHE AoE HHYE e dAdELT
o] &i}o]th(Oetjen et al., 1999). TMAOE &40l ol 0.2~04 % A%
el dem, 53] o, 7tee] Fo ATl Fol FHruol UL,
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AB, Malmo, Sweden)®] .43 TTI(Agerhem & Nilson, 1981; Blixt et al.,
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Table 1. Survey sheet for sensory evaluation of freshness of Alaska

pollack
Sensory scores
Items
1 2 3 4 5
Eyeball Very
Poor Fair Good  Excellent
transparency poor
Very
Gills color Poor Fair Good  Excellent
poor
Very
Gills tissue Poor Fair Good  Excellent
poor
Too
Hemia state Much  Somewhat  Little Nothing
much
Too
Putrified odor Much  Somewhat  Little Nothing
much
Very
Elasticity Poor Fair Good  Excellent
poor
Overall Very
Poor Fair Good  Excellent
acceptance poor




2.2. VBN(Volatile Basic Nitrogen) & =¥

Conway unit® A}-&38F= W] @249 (Ishikawa, 1969)S ©] &3] ZA 3}
Atk vk AR 5 goll FFHSF 25 mLS YW & Ao 308 7F mut
T o Bt NS Faby] oA ofEfFe] 1 mLE Wi FA] o
Aol 0.01 N 34Hs 1 mL 7FeE 5, g4br] &4 9% eibzZdE 23}
€ 1 mLs ¥ QE "ol A &S Este] FAuo aen
25CoA 60 BA 5 Aol FAikE Aol Brunswik Al %F (methyl red
0.2 g ¥ methylene blue 0.1 g& ©|&-E 300 mLo| =o]a o33k Ak
S @ e Jbek 5 0.01 N FASIUEF Aoz AAse] Pt

2.3. TTI(Time-Temperature Integrator) A4 4]
Aol AR&F TTIE "= 9 TemptimeAloll A

Raw 2350 @o] Al &5+ B type 4 M types AEsto] AlHEHT &

TTIS] %S HAsIAth. THE 5C, 10T, 15C, 20Co] &==

(

e

F2 v 7)o BastH Al A (CR-200, Minolta Co.,Japan)E ©] -8 3}¢]
CIE-L, a, bgtS 75taL, 72 A% 2% iR AR uE Mughs
2+ 3} 9 tH(Giannakourou et al., 2002). TTIS] A2 wWldF oA 7} A
Aulth 74u] 2HIXUS-80S, Cantion Co., Japan)E Ab&-34e] B atsich. Al
Aol e W Edo] AAREA el |l RS FA sk o F
Az

A

e

2.4. Formaldehyde 7 %

AOAC(2008)°] "ol wef HElSS #dssle] 10 g& FHoto] 7

Zgt~o] Yl FH5 80 ml, perchloricacid (8.5%) 40 mlS 7}3F 3 =



7742 (Kjeltec8100, Foss Co., Sweden)E& ©] &3] SHFolATh. TFHS

= F71500 mhell S5 30 mi& Zhe] W ko] Eol FVEH &)
o TH7F U 500 mlE mass up SH, oY S ml ¥ XTEAS
F719 FH3le] acetyl acetone 5 mlE Ztzt 7hs] & &3k ¢ Ev 2ol

A = ¥ Ag A3l TTI® formaldehyded] WHSET=A4E 3l
22 ofefol Zrh. FEUAS WS kinetiest o # Wkt E THE
AAT 02} & 1xE gkFegew, 0xF vhed A A1), 12 v

yzk't+y() (1)

ye==yy - exp(k 1) (2)

[
B
N
=

3714 ki WEEEAASF /M), te AT AR, vE A, vo
= oz 12 ¥g-d A2 2(2)= exponential o] HLE
Admg AshE A1)l FeiQAA F5 Ao HY. BN e 3
s A3) 2k

Iny = Inyy + k-t 3)

0%
9
=

o%



k=B~ exp( ") 4)
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$7(1/h)°] i1 Bi= pre-exponential factor s
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—as— 5C

0
15°C
20°C

]

Eveball transparency

Storage time(hr)

Fig. 1. Changes of eyeball transparency in sensory evaluation of
Alaska pollack during storage at 5C, 10C, 15C and 20C.
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Gill color

0 24 ] 2 %
Storage time(hr)

Fig. 2. Changes of gill color-in sensory -evaluation of Alaska
pollack during storage at 5°C, 10C, 15°C and 20C.
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Fig. 3. Changes of gill tissue state in sensory evaluation of Alaska
pollack during storage at 5°C, 10C, 15°C and 20C.
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Fig. 4. Changes of hemia state -in sensory evaluation of Alaska
pollack during storage at 5°C, 10C, 15°C and 20C.
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Fig. 5. Changes of putiified odor in sensory evaluation of Alaska
pollack during storage at 5°C, 10°C, 15°C and 20C.
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Fig. 6. Changes of - elasticity- _in sensory _evaluation of Alaska
pollack during storage-at 5°C, 10C, 15°C-and 20C.
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Fig. 7. Changes of overall acceptance in sensory evaluation of Alaska
pollack during storage at 5°C, 10C, 15°C and 20C.
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2. VBN(Volatile Basic Nitrogen)2] ¥ 3}

A7l Are] o]l FrtetE s FA
T AT Ao A 2Ediol A HedAS Blaste] B A A
7} 33 olatE He ARS 7] R Euhd VBN x7] Fuj7)E
¢l 30~40 mg/100g ©] HsHAF Aot A= S & F AU
AR AUE 5CAA A fFFo] oFoAxnta 7Hg As o
At AAEE 60217 AR = VBN 271 2.10~26.60 mg/100g

2 FFoE EAEHSY TR A&d AT
3klaL, 5Colate] 2&ell Agstd VBNO FA = H% HopAA %

2w b @ AL U8 Aol 4 e o ATk 7241710

o,
=
i
W)
N
X
o
o
of»
4

o

] 30.10 mg/100g A 58.36 mg/100g ©.= 28
mg/100g ©] S7tsto] AEA40 &2 WHE 50068 =%oX 3Y oy

FE I} 4H]7} o] FolA) = gle] vhehA sl char SerET
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Fig. 8. Changes of VBN of Alaska pollack during storage at 5C,
10C, 15C and 20TC.
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3. TTI(Time-Temperature Integrator) Al A] <] ¥ 3}

3.1. TTI AlA o] A 33}

Reference ring (dark)

Core (sensitive bull eye)

Nt ba Outer region (light)

Fig. 9. Schematic of polymer TTI.

TS Core it oA Aoy} A Mo] ofFfAH, o
Reference ring ¥h-&-o] dojuA] &, ofF MS FASTh Algho]
dated= Core®] o] Reference ring®] A3} WA WA 2| A5 0]
AMAHow o] AARE A AdE F don, ol FI FEE

o T S

A\
]
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BRel o ofFHAW, o o4 Age] RIS Utk 4% 2k

S Btk 10CE 3ol AwS wf, 15T = 35 vhdoe] Ays
wl, 20C+= shFrbell Mo] #Ae] UAXA sttt M typee] TTI = B type

Za fugien, 5T 29 8Ye] Aws, 1
0CE 490] Awt& W, 15C= sF vhvglol Z} sl W) 20T =
ahFrkel 9] of W] o] o AA T o] A
H TTIO) AZz=GAA AFst el di=FAeQl lifetime o]
WstH, Ao B typed] lifetime> 5CE 499~6%Y, 10CE 2.6
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B

o

21319, 15CE "13¥9~1.6Y, 20CE 0.7¥~08Y o]A o™ M. type2
lifetime 5CE 7.7%~9.62, 10CE 3.9U~47Y, 15Cx 2.0¥~24%, 2
0CE 1.0~12¢9 oF oA JERE A Zhg AC] D =] SF et A e A]
+ B type M type®] lifetime®] #fo]7F &Aooy 1o =2 Aes
o] Apol7} A FolEaL Utk AFAIZre] A FFE coretE o] o F
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Hapat s Aedol Hol o ool A Wste wE 4 gtk

TTI A Wsl= F A7FA], core F&°] reference ring H.t} D%t} @
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Aol Wty 7hEst HATh Typeol welbA®E Wehs Ao xol7b &
Asti=H B type Htt M typeA A #st7E oA dfEden AL
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o F4E& A5 5 v ARRE B typeol A4

oh gk A WSy dojub= ZF Ao A Y M-S FASke]  kinetic
modeling 3} 2™, Arrehnius "I7/IHTE AHE ST ©Eo] Euler's

methodsE &l T3 &=-A%F 2304 53 2 AAS Alal &

e Asga o2 Ba TTIS BAAEY FA 3} kinetie T4 e
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Table 2. Color change table of TTI B type and M type
a) TTI B type

Temp. . 9
15C 20C

W
@]
—_
o
3

Storage time

lday, a.m.

lday, p.m.

2day, a.m.

2day, p.m.

3day, a.m.

same
3day, p.m.
above

4day, a.m.

4day, p.m.

Sday, a.m.

Sday, p.m.

same
6day, a.m.
above
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6day, p.m.

V4

7day, a.m.

same

above

V4

7day, p.m.

V4

8day, a.m.

V4

8day, p.m.

V4

9day, a.m.

V4

9day, p.m.

V4

10day, a.m.
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AE=/(L,— L)+ (a, —a,)* + (b, — b,)? (7)
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AEW0) &= Yo Mugts AFEetdlth 23428 Mu #t& &S U
B 0~1 M9l s Ziev 74 2 R A 9 Mu 9 @3
Table 3 o YERHATE.
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Table 3. Value of Mu of TTI B type color change at different

storage temperature
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51.5

75

96

104

1235

1295

142
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Fig. 10. Responses of TTI B type color change at different
storage temperature. ¢ 5C, ll 10C, A 15, x 20C
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Fig. 11. Responses of TTI M type color change at different
storage temperature. 4 5C, ll 10C, A 15C, x 20T
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Table 4. Reaction rate response of TTI at different storage

temperature
Reation rate (1/h) Reaction rate (1/h)
of TTI B type of TTI M type
Temp.

Mu R? Mu R?
5C 0.0055 09315 0.0044 09171
10C 0.0110 0.9397 0.0097 0.9286
15C 0.0207 09158 0.0177 0.8693
20C 0.0389 0.9253 0.0348 0.9074
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In K7 {1/
[
1

0.0034 0.00345 0.0035 0.00355 0.0036 0.00365
1T (1/K)

Fig. 12. Arrhenius plot of the reaction rate of TTI B type

color change.
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In Kyp (1/h)

D | | |
0.0034 0.00345 0.0035 0.00355 0.0036 0.00365

1T (1/K)

Fig. 13. Arrhenius plot of -the reaction rate of TTI M type

color change.
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Table 5. Kinetic parameter of different types of TTI

TTI type
Parameter
B type M type
Ea (kJ/mol) 88.06 92.210
Ko(1/h) 1.954 X 10" 9.62 X 10"
R2 0.99 0.99
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Fig. 14. Changes in formaldehyde content of Alaska pollack during

storage at 0C, 5C, 10C, 15C and 20TC.
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Table 6. Reaction rate response in 0™ order reaction of

formaldehyde at different storage temperature

Temp. /T k Ink
0C 0.003663 0.034 -3.38139
5C 0:003597 0.050 -2.99573
10C 0.003534 0.154 -1.8708
15C 0.003472 0.477 -0.74024
20C 0.003413 1.363 0.309688
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Table 7. Reaction rate response in 1% order reaction of

formaldehyde at different storage temperature

Temp. /T k Ink
0C 0.003663 0.007 -4.96185
5C 0:003597 0.015 -4.19971
10C 0.003534 0.031 -3.47377
15C 0.003472 0.045 -3.10109
20C 0.003413 0.082 -2.50104
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. 1T (1/K)

0.0035 0.00355 0.0036 0.00365 0.0037

Fig.

15. Arrhenius. plot of the reaction rate of formaldehyde in

h y
0™ order reaction.
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O 1 1 1 1 1 1
0.0034 0.00345 0.0035 0.00355 0.0036 0.00365 0.0037

Fig. 16. Arrhenius plot of the reaction rate of.formaldehyde

in 1% order reaction.
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Table 8. Kinetic parameter of 0" and 1" order reaction of
formaldehyde
Parameter 0" order reaction 1* order reaction
Ea (kJ/mol) 127.836 80.213
R? 0.974 0.99

- 51 -



Table 9. Kinetic parameter of TTI and formaldehyde

Parameter TTI Formaldehyde
Ea (kJ/mol) 88.062 80.213
R? 0.99 0.99
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