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Fig 2 Changes in pH values of fish samples during
storage: a) at room temperature, and b) at
refrigeration temperature. Different letters at
different sampling times indicate significant
differences (p < 0.05).
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Fig 1 Changes in mesophilic and psychrotrophic
counts of fish samples during storage: a) at room
temperature, and b) at refrigeration temperature.
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Fig 3 Changes in TVB-N values of fish samples
during storage: a) at room temperature, and b) at
refrigeration temperature. Different letters at
different sampling times indicate significant
differences (p < 0.05).

o by sles 3 1y Ll 3l OS5 Ol Y- b S

O wged cpl oo dades OLES (LIS 55, VY Se


https://fsct.modares.ac.ir/article-7-12178-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-05 ]

\Y’“WJ..:S‘\O 092 ‘\/\/ a)Lq.jd

di\.'\.'c GLMA)C}L&

el DS 5 L ladia T [aSTy 5l 50 a5 s suslis
Sy sdalie Y2 5 Y-b IS0 55 &S €5 Olen L ils
b 2alS La 0lag ol 5 50 L3 el SLS 5l
Ll

L*) gla, sS06 cpuss —£-Y-¥

(= 2,3 b¥ 5 (om0 H)3A* (2 135))

Lb* sa* L* K, 86 55 i Ol 5 ) sl
Lld s oo a b sl S IS s b
W ls s ol ulol dade QLA Jlesey slos 5 Jaes
Lo (Vb slie 1l 3) Gimwmspe 3 % uSLs
ol Sles cles S g &AS@)J\JQW sl als
Lol 5l Jol= L3 w3l bS5 o iKery ol
IS Sl Blo S w555 » S el g1
wiel jlo 6 53 S, ol csbpH x5 3 b
3 pige sdalie Jador 3> oS 5b Ol 350 il 3 &
Lo glos 5 5550l b ol Sl ojlae 53 8% L
oS cele A 5w 5 (0YY) p miy i Ol s
Sy b ol Slie el ol axils 1y ldie =4/
e ok LA Oy GBI L e el Cas 4 2
c bl (LRE) U RS Wses 4 G il B8 K5 00
Sy Ol Sl VY Sl i dases glos 3 IS 5k @
Tl Ky celd Sl e bl (3 S O ol
Cela 51 ey 3,5 Ml S5 Culg 53 5 s K5 2ol
b* S sp oale sl gl edias 0L 45 5 S sdalis
535 el Sl dn laee glos 53 a8 15 Wpal 3
©enslss a5l de s gles s a8 S 15 4
Loy S S Sde Jsb 3 5 dewy 355 Jliie Sl
3 Sle L8 Ky s sias OLES oS s5ad b 1y sl
gl ke cp x5 (305 @) e Ol s Ry
@5 () Sl e 555 b s wsed 53 e
5 e S, a3, sl K e a0 0o A edalle
odd A5 lE DS S Ol S S Y Ve lass,

[\].,\._;.J; odaline 35) g.i}) g

53 3 in (5SSl allT Ol S 5 el S pslss
O spesdensST a2 53 0 sla) Sl ST 50 il 61501 Ol
oS bl sdes OS5 Olge 4 Ll 45t fll
CokS S Col S ekl g s eld dnST b
RN SRRV ETPCIRE I S A AT N P
IAT dads LS 1 o 4050 &gl ST g 55 2l
5o il slgles gl paxls ol a5 b K s
TBA Ol 53 ns .ol 0l &1 ale () U5k
OLETVB-N 0l L1 (s alie L5, (5011685 b 3
Ll s Joy bld o adsl Sosulss slde dade
2 TBA s ooy /0) 5 UV Ci S @ oo
ssba a5 Jlu Bl s (e Oy e b

W2l ll /00 Sl meS Jleal e b g 5 LB

0.70
0.60 (ﬂ)

d
b
C
d I
16 3

Storage time (h)

kg of tissue)
[ L =3 wun
[=1] [=] [=1] [=1]
(]

=2
=
(=)

o
(=]
(=]

TBA (mg of malonaldehyde/

0.80 .

d
c
c
’ b
0.10 I
3 H 7 10

Storage time (days)

o
~
o

—_—

=

—

kg of tissue)
o o o o
o -3 wn o
[=] L=} (=] (=]
m

o
)
o

TBA (mg of malonaldehyde/

o
o
o

12

Fig 4 Changes in TBA values of fish samples during
storage: a) at room temperature, and b) at refrigeration
temperature. Different letters at different sampling
times indicate significant differences (p < 0.05).
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Table 1 CIElab colour parameters for paper sensor containing red cabbage extract during fish samples
storage at room temperature

b a L Storage time (h)
-6.0 £ 0.1 33.5+0.0 42.5+04" 0
-20+£04 23.0+0.2 51.0+0.2 12
11.0+0.0 7.5+0.1 59.5+0.1 16
17.0+0.4 0.5+0.0 54.0+0.2 36
28.0 £ 0.5 -6.0 + 0.2 52.0+0.0 64

* £SD Mean deviation of a triplicate

Table 2 CIElab colour parameters for paper sensor containing red cabbage extract during fish samples

storage at refrigerator temperature

E3

E3

b a L Storage time (days)
-6.0£0.7 16.0£0.4 57.0+0.4° 0
-3.0£0.3 13.0+£0.7 69.5+0.4 3
1.5+0.1 2.5+0.7 67.0£0.7 5
5.0+0.2 -3.5+£0.3 43.5+0.0 7
15.0£0.5 1.0+0.0 73.5+£0.7 10
21.0+0.1 4.0+0.0 76.0 £ 0.4 12

* £SD Mean deviation of a triplicate
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Detection of fish spoilage during the storage using a simple
colorimetric paper sensor
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In this study, a simple and sensitive colorimetric sensor towards pH changes for the detection of fish
spoilage during storage at room and refrigeration temperature is presented. Colorimetric sensor was
developed using Whatman filter paper No. 1 and water soluble anthocyanin pigments extracted from
red cabbage. Fish spoilage was monitored based on anthocyanin color change in various pH.
Microbial growth during storage and production of proteolytic enzymes resulted in protein
degradation, accumulation of volatile amine compounds, increase in the pH and finally color change
of anthocyanin-impregnated filter paper. Color change was measured using the CIELab method. The
colorimetric sensor was validated by measuring total volatile basic nitrogen (TVB-N) levels, peroxide
value (PV), thiobarbituric acid reactive substances (TBARS) and microbial populations in fish
samples. Results indicated that the values of TVBN, pH, PV and TBARS increased with time of
storage which was evidence of fish spoilage development. Also, the results were in accordance with
color change of colorimetric sensor during storage and showed that proposed system enjoys a high
sensitivity to pH variations. Therefore, the simple colorimetric sensor is capable to use in intelligent
packaging.

Keywords: Colorimetric sensor, Paper sensor, Anthocyanin, Fish spoilage
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