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Abstract

Project Code: MRG5980156

Project Title : Development of Colorimetric Indicators for pH and CO, from Bio-

based Materials and Plant Extract, for Short Shelf-life Foods
Investigator : Siriyupa Netramai, Ph.D. Faculty of Science, Mahidol University

E-mail Address : siriyupa.net@mahidol.ac.th

Project Period : 3 years

Abstract:

Intelligent packaging could inform users on current quality of its content, ranging
from sensorial properties to microbiological status of the food, without having to open the
package. By incorporating devices that could monitor levels of compounds that are
declining or generating due to deteriorative changes continuously occurred in food, this
novel technology could assist the consumers on their buying decision or ensure safety of
the consumers. This study was aimed to develop bio-based colorimetric indicators for pH
and CO, consisting of extract from anthocyanin-rich plant, to be used as part of intelligent
packaging system for short shelf-life foods. Several plants were screened for their ability
to visibly change color when exposed to different pH by mixing plant extract with pH buffer
solution (pH 3.0, 5.0, or 7.0). The optimal conditions for microwave assisted hot water
extraction (mHWE) for all selected plants were investigated using response surface
methodology (RSM) and desirability analysis. The parameters studied were sample to
water ratio (1:5 - 1:3 g/mL), extraction power (480 - 800 W), and extraction time (60 - 480
s). The extraction condition should give extract with maximum absorbance at A,y
without affecting quality of the extracts. The optimal mHWE conditions were then used to
prepare plant extracts to be incorporated into colorimetric films. RSM and desirability
analysis were used to optimize the colorimetric film formula. The formula should give the
film with high color change in response to pH (AE) and low solubility. Most suitable
amounts of plant extracts for the film were finalized using sensory testing (Difference test;
Two out of five) by 50 untrained panelists. The developed colorimetric films were then
characterized their physical-, optical-, morphological, mechanical-, and thermal properties;
studied their color-changing mechanism; determined their shelf-lives; and tested for their

sensitivity and performance as pH- and CO, indicator. Short shelf-life foods included in
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the study were fruits and fresh-cut fruits, fermented fish and mushroom, and egg tofu.
The plants selected for development of colorimetric layer were fresh red cabbage
(Brassica oleraces var. capitate f. rubra) and Dendrobium orchid (Dendrobium Sonia
‘Earsakul’), and dried butterfly pea (Clitoria ternatea L.). Optimal condition of mMHWE were
sample to water ratio of 1:30 g/mL and power of 800 W, and extraction time of 480 s for
red cabbage and Dendrobium orchid, and 180 s for butterfly pea. The final formula for
colorimetric layers with red cabbage or Dendrobium orchid extract consisted of 3% (w/w)
of carrageenan, 2% (w/w) of pectin, 1% (w/w) of cellulose powder, and 40 % (v/w) of
extract; and 1.5% (w/w) of CMC, 1.5% (w/w) of carrageenan, 1.5% (w/w) of pectin, 1%
(w/w) of cellulose powder, and 6 % (v/w) of extract for colorimetric layer with butterfly
pea. Regarding sensitivity to pH, it was found that the films generally gave high AE
between different pH values, especially the film with Dendrobium orchid extract. However,
for red cabbage and butterfly pea, the films’ colors at pH 4-6 were difficult to distinguish,
according to sensory evaluation by untrained panelists. All films had low sensitivity to
CO,. It was found that significant color changes occurred when exposed to CO,
concentration of 75 or higher. As pH indicator for short shelf-life foods, it was found that
the developed indicators was not suitable to be used as safety measure for food products,
but might have potential use in informing the consumers about the foods’ qualities,
especially for fermented foods since the sensitivity of the indicators were not high enough.
When used on some food samples, the indicators’ colors were visibly fading after 2-3
days of use. The developed indicators could be kept for 2-4 weeks in air-tight container,

at ambient storage.
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