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Abstract Natural dyes extracted from the flower of rose and red cabbage were immobilized on filter paper as carrier to

prepare a colorimetric sensor for application in intelligent packaging. Indicator sensor was based on natural flavonoids

(anthocyanins) extracted from red cabbage and rose whose colour changed from red to green with increase in pH. On

characterization of extracts by UV–Vis spectrophotometer, absorption maximum of 530 nm was observed which is

ascribed to anthocyanin present in two extracts. The characteristics of sensor including response time, reproducibility,

reversibility, stability towards light and the storage stability were also studied. Sensors were also kept in atmosphere of

ammonia simulating total volatile basic nitrogen production which changed its colour from red to green with increase in

pH. Since pH value of flesh foods concerns their freshness, the indicator sensor is expected to provide a convenient, non-

destructive and visual method for flesh food spoilage in storage condition and also for the prediction of shelf life.
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Introduction

Until recent past, traditional methods were prevalent to

determine the freshness and quality of food such as

physicochemical (total volatile basic nitrogen (TVBN),

ammonia, thiobarbituric acid-reactive substances

(TBARS), etc.), sensory analysis and physical measure-

ments (odour, texture and colour). Various methods based

on microbiological criteria of food (total plate count),

molecular methods (PCR, DNA microarray, etc.) and

detection of metabolite concentration like ATP, glucose

and derived compounds such as biogenic amines also

provide an idea about the safety and quality of food [16].

But none of them provide real-time information about

freshness and quality of food. Moreover, they are usually

destructive and time-consuming and need extensive

instrumentation and are not suitable for supermarkets.

But over the past decade, there has been increasing interest

among scientific fraternity for development of different

measures to ensure safety and quality of food [13]. Increasing

demand formildly preserved,minimally processed and ready-

to-eat ‘‘fresher’’ foods along with the globalization of food

business presentsmajor challenges for foodquality and safety.

Therefore, there is special interest among food industry in

developing a device that would be simple, non-invasive, non-

destructive, natural and consumer friendly to evaluate real-

time freshness and quality of food products. The answer to

these questions is intelligent packaging.

According to EU [3], intelligent packaging contains a

component that enables the monitoring of the condition of

packaged food or the environment surrounding the food

during transport and storage. Intelligent packaging is thus a

system that provides the user with reliable and correct

information on the conditions of the food, the environment

and/or the packaging integrity. It is an extension of the

communication function of traditional food packaging

which communicates information to the consumer based on
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its ability to sense and record changes in the product or its

environment.

Intelligent packaging in the form of indicator sensor is a

major focus area. Different types of indicator solutions and

carriers have been used to fabricate indicator sensors. A

novel on-package indicator sensor containing methyl red

was developed to determine the real-time freshness of

broiler chicken cuts [5]. Curcumin [(1E, 6E)-1,7-bis (4-

hydroxy-3-methoxyphenyl) hepta-1,6-3dione]-based indi-

cator sensor was used to monitor production of TVBN in

shrimp and spoilage prediction [6]. Mixture of bromothy-

mol blue and phenol red was proposed for fabrication of

indicator sensor for monitoring chicken meat spoilage

responsive to TVBN released during storage [12]. Chi-

tosan-based intelligent film mixed with anthocyanin was

developed as fast pH–colorimetric device for spoilage

detection of food based on pH variation [17].

Bromocresol green was used to monitor the production

of TVBN and prediction of fish freshness by monitoring

colour change during storage [10]. Myoglobin was used as

indicator solution to monitor freshness of chicken broiler

cuts [14]. An indicator sensor containing pH-sensitive dyes

viz. bromothymol blue and methyl red was developed for

monitoring freshness of intermediate-moisture dessert

spoilage [8]. There are several researches where chemical

indicator solutions have been used for fabricating indicator

sensor, but very less work has been done on use of natural

indicator solution for fabrication of indicator sensor to

monitor the freshness and quality of food.

Flesh foods are more prone to spoilage and carry a major

quantum of supermarkets and export. Thus, the present

study was undertaken to develop an indicator solution

capable of predicting flesh food spoilage and its integration

into a suitable carrier to fabricate indicator sensor.

Materials and Methods

Selection of Natural Indicator Solution

Anthocyanins, a group of flavonoid commonly available in

natural products and known to undergo pH-sensitive colour

change, were selected as indicator solution of choice for

fabrication of indicator sensor. Among the locally available

sources, it is found in appreciable quantities in rose and red

cabbage. Indicator solution was extracted from both sour-

ces for preparation of indicator sensor.

Extraction of Natural Indicator Solution from Red

Cabbage and Rose

Anthocyanins were extracted from red cabbage and rose by

the method of Metivier et al. [7] with suitable modification.

Fifteen grams red cabbage was finely minced in pestle and

mortar by adding 10 ml of 1 % HCl–methanol. The mix-

ture was transferred in a centrifuge tube and kept overnight

in refrigerator for extraction of anthocyanins. Next day,

5 ml of chloroform and 4 ml of distilled water were added

to the mixture. It was then centrifuged for 30 min at

3000 rpm. Supernatant thus obtained was transferred to an

amber coloured bottle and kept in refrigerator for future

use.

Determination of Absorption Spectra

of the Indicator Solution to Validate Extraction

Procedure

The absorption spectra of indicator solutions were studied

in a UV–Vis spectrophotometer (Beckmann 640, USA) for

determining the wavelength and absorbance responsible for

difference in the colour of indicator solutions. The

absorption spectra of extracted solutions were correlated

with the available absorption spectra of anthocyanins to

validate extraction process.

Fabrication of Indicator Solution Over Indicator

Carrier

Agarose solution (4.5 %) was prepared in 10 ml of distilled

water by heating in a microwave oven for 30 s. Five ml of

indicator solution (anthocyanin) was added to the solution

just before solidification, and the mixture was shaken well

to completely mix the indicator solution with agarose. The

mixture was then poured into a petri dish of 100 mm

diameter and allowed to solidify at refrigeration tempera-

ture. A 2 cm 9 2 cm strip was cut and packed in cling film

to prepare indicator sensor (gel type).

Another type of indicator sensor using filter paper as

carrier was also prepared. Filter paper no. 42 was made into

strips having dimensions of 1.5 cm 9 5 cm and cen-

trifuged in indicator solution at 3000 rpm for 15 min and

dried overnight at 60 �C. It was packaged in cling film and

sealed to make indicator sensor (strip type).

Evaluation of Indicator Sensor in a Simulated

Condition

Indicator sensors were assessed for their response in a

simulated indicator metabolite reactive model system. Fifty

milligrams (55 ll, 91 %) of ammonia (quantity similar to

that produced in meat during storage) solution was taken in

a transparent polyethylene terephthalate (PET) bottle of

150 ml. The indicator sensor was attached to the inner side

of the lid of PET bottle. The bottle was closed, keeping the

indicator sensor in atmosphere of ammonia, thus
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simulating the condition for volatile basic nitrogen pro-

duced during the storage of meat.

Determination of TVBN Concentration in Flesh

Food During Storage

Buffalo meat was selected as standard flesh food. To

compare TVBN concentration of buffalo meat produced

during storage period and amount of ammonia used in

simulated condition, TVBN concentration of buffalo meat

was analysed according to micro-diffusion technique of

Pearson [11].

Shelf Life and Stability of Indicator Sensor

Stability and shelf life of indicator sensor was analysed by

keeping the indicator sensor at refrigeration temperature

for observing the changes, if any.

Results

Validation of Extraction Process

The absorption maxima of anthocyanins extracted from

rose and cabbage were recorded around 530 nm (Figs. 1,

2). Absorption maxima of 524–534 nm were recorded for

anthocyanins extracted from red cabbage [15]. Recording

of similar observation confirmed the extraction protocol

was proper. Further, absorption spectrum of indicator

solution from red cabbage was higher than rose which

confirmed that extract from red cabbage had higher amount

of anthocyanins in indicator solution than rose. Hence,

indicator solution from red cabbage was used for further

experiments.

Colour Change in Indicator Sensor in Simulated

Indicator Metabolite Reactive Model System

In atmosphere of ammonia, red colour of both indicator

sensors (gel type and strip type) changed to green (Figs. 3,

4). The change in colour was due to conformational

changes in anthocyanins caused by increased concentration

of volatile basic metabolites (ammonia) which was due to

degradation of anthocyanin at different pH [9]. The colour

variations of anthocyanin were associated with the differ-

ent chemical structures which were dependent on different

chemical structure at different pH [4]. At acidic pH [1–3],

the anthocyanin exists predominantly as flavylium cation

which contributes to red and purple colours. In the pH

range of 4–6, the quinoidal blue species are predominant.

As the pH increase to 5–6, there is a decrease in the colour

intensity and concentration of the flavylium cation, which

undergoes hydration to produce colourless carbinol pseu-

dobase and chalone, respectively. The equilibrium is shif-

ted towards a purple quinoidal anhydrobase at pH\ 7.0

and deep blue ionized anhydrobase at pH\ 8.0. Further

increase in pH gives light yellow chalcone. Anthocyanins

have a range of different equilibrium forms depending on

pH [1].

Comparison of Colour Change in Indicator Sensor

with Increase in Amount of Volatile Bases in Stored

Flesh Foods

Colour change in indicator sensor in simulated condition

was compared with the amount of volatile base actually

produced during storage of buffalo meat at refrigerated

storage. The buffalo meat recorded TVBN concentration of

8.43 mg/100 g on day 1 of refrigerated storage, 11.03 mg/

100 g on day 3, 13.65 mg/100 g on day 5, 15.40 mg/100 g
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Fig. 1 Absorption maximum of

indicator solution extracted

from rose
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on day 7 and 20.30 mg/100 g on day 9 of refrigerated

storage. Since 50 mg of ammonia (55 ll, 91 %) was used

to simulate production of volatile bases, the amount mat-

ched with the concentration of volatile bases produced in

buffalo meat in actual refrigerated condition, if meat block

of 500 g was supposed to be used for storage. In further

course of storage period, the concentration of volatile bases

increased, thus bypassing the concentration of 50 mg

(55 ll, 91 %) of ammonia used in simulated conditions.

During experimental studies, it was observed that mini-

mum amount of ammonia required for colour change in

indicator was recorded around 5 mg, which was nearly ten

times lower concentration than used for observation of

colour change in simulated condition. Moreover, seafood

contains higher amount of TVBN than meat so that

indicator sensor shall work better for such types of foods

with higher sensitivity and specificity. Therefore, the

developed indicator sensor has excellent sensitivity to

monitor spoilage of flesh foods on real-time basis and can

detect volatile bases in low concentration usually present in

flesh foods, a necessary prerequisite for indicator sensor.

Shelf Life and Stability of Indicator Sensor

Indicator sensor kept in refrigerator for 4 weeks of time did

not show any change in appearance. When it was used for

the experimental purpose, similar results were observed as

obtained with the freshly prepared indicator sensor. Thus,

indicator sensor can be successfully kept for future use

without any undesirable changes.
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Fig. 2 Absorption maximum of

indicator solution extracted

from red cabbage

 Without ammonia                     Colour change in transition      Final changed indicator 

Fig. 3 Change in colour of

indicator sensor (gel type) in

indicator metabolite model

system

  Without ammonia                    Colour change in transition       Final changed indicator

Fig. 4 Change in colour of

indicator sensor (strip type) in

indicator metabolite model

system
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Discussion

On the basis of evaluation of indicator sensor in simu-

lated indicator metabolite reactive model system, its use

for monitoring food quality on real-time basis can be

successfully made. The indicator sensor has important

use in monitoring freshness of protein-rich food espe-

cially muscle foods like fish, meat and other seafoods.

The test results indicated the ability of sensor in

assessing food’s freshness, as colour change in antho-

cyanins, which is a manifestation of sensor response and

spoilage of protein-rich food during storage follows a

similar trend (when the sensor changed green from red,

the quality of muscle food deteriorates). Since upper

limit of TVBN for spoilage of beef was around 20 mg/

100 g [2], the amount of ammonia used for evaluation of

indicator sensor was very low as compared to that pro-

duced in meat, fish, shrimp and different molluscs

commonly available in India (protein-rich food). Hence,

indicator sensor can be successfully used to evaluate

food quality on real-time basis.

Moreover, indicator sensor prepared from natural sour-

ces is free from any toxic effect even if consumed. The

sensor may act as shelf-life-indicating device by mention-

ing the ‘‘best before’’ labelling, when attached to individual

product units. This indicator sensor allows the food product

to have an effective shelf life by permitting its quality and

freshness to be monitored visually, consequently decreas-

ing margins of error. It can also reduce the economic loss

suffered by manufacturers due to spoilage of food during

transport and storage as they can withdraw their product

before it reaches to consumers and help to maintain their

brand value in the market.

The development of indicator sensor provides an

opportunity for further work in this aspect, to analyse

response of indicator sensor in food system and to develop

new indicator sensors with higher sensitivity and non-

toxicity to consumers. Moreover, extraction process can

be made more efficient to extract natural dye from its

parent source. Anthocyanin from other sources and other

natural solutions capable of response towards volatile

bases can be tried to develop other types of indicator

sensors. Development of indicator sensor responsive

towards metabolites other than TVBN released from food

can also be tried. Besides, process, methods and raw

materials of developed indicator sensor can be altered to

increase its sensitivity.
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