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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 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).
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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+0.4" 0
2.0+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

gl =
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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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