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Abstract: A color indicator for tape ketan (TK) (Indonesian fermented steamed glutinous rice product) packaging was 
developed to monitor the fermentation stage of TK during storage and distribution. Tape ketan was packed in a tray of 
polypropylene (PP) with a lid of nylon/cast polypropylene (Ny/CPP). A color indicator film consisting of Nafion® and 
crystal violet (CV) was attached to the lid as an on-package indicator and change its color as water vapor or relative 
humidity changes. During fermentation at ambient temperature (28±1°C), the TK quality was assessed for pH, titratable 
acidity (TA), ethanol content and sensory evaluation (aroma, taste, and color), in correlation with the color change of the 
indicator. In conclusion, the color values of the indicator correlated well with sensory values as a degree for fermentation 
stage of TK along with other parameters, such as pH, TA, and ethanol, and could be detected clearly with yellow for 
unripe, blue for ripe, and finally pale blue for overripe.
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1. Introduction 
Tape ketan (TK) is a popular fermented steamed glutinous rice product in Indonesian, with a sweet taste with bit acid 

and flavor of the mild alcoholic. Usually, in Indonesia, TK is produced by the home industry and manufactured traditionally 
or home-made for the consumption of the family. TK is prepared from glutinous rice (Oryza sativa glutinosa) that has 
been steamed, then spread in thin layers on the trays made of woven bamboo, and then inoculated with ragi (dry flattened 
circular cakes) about 3 cm in diameter. The ragi was prepared from rice flour with distinctive spices and contained the 
required organisms. Finally, the substrate is covered with a banana leaf and then allowed to ferment for approximately 24 
to 48 h at ambient temperature (25-30°C) [1, 2, 3, 4, 5].  

Once TK is prepared in packaging, the challenge to present TK in good condition increases as a distance from 
the markets increase, to fulfill the consumer demands. Since it is consumed directly as a dessert or a snack after the 
fermentation takes place, without further preparation. Generally, the fermentation state of TK was predicted based on 
fermentation time (2-3 days) for "ready to eat" food. However, it is not easy for consumers to determine the preferred 
fermented state quality. This is due to the fact that consumers have difficulty to determine when the fermented state of TK 
has reached their preferred state to be consumed. Thus, this condition became a barrier to show “best date” consumption 
for consumers.  

The number of publications reported on package indicators for fermented products is still limited. However, a color 
indicator for kimchi packaging (fermented vegetable product) has been developed to monitor its quality during storage and 
distribution [6]. The film consist of polypropylene (PP) resin, a CO2 absorbent using Ca(OH)2 and indicator, i.e. bromocresol 
purple or methyl red was attached to the lid. During fermentation of kimchi at 0, 10, and 20°C, it’s quality was evaluated 
for pH and titratable acidity (TA). Then, two parameters had been correlated with Hunter color values of the indicators. 
The results show the color values of the indicators correlated well with pH and TA values, regardless temperature of 
fermentation. Thus, the pH indicator (bromocresol purple or methyl red) was employed in monitoring quality of fermented 
product based on the pH change (the total acidity). However, other progress in relation to monitoring quality and safety of 
food, in term of novel packaging technology, such as smart packaging, have been reported elsewhere [7, 9, 10].

Using similar principle, the pH indicators could also be employed for quality monitoring of fermented products, 
such as TK at their fermentation stage. Other approach could be proposed for this fermented product packaging is based 
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on their water vapor (humidity). Since during fermentation process of TK, water vapor is produced and consumed along 
with the change of other parameters (pH, titratable acidity (TA) and ethanol). The purpose of this study is to use Nafion/
crystal violet (CV) film to construct on-package low-cost color indicator for determining the state of fermented TK. Since, 
the Nafion/CV film is highly sensitive to water vapor (relative humidity) [11, 12, 13]. Since the sulfonate groups of Nafion 
are highly acidic, so that the CV is in the acid environment. The water content in the film, will dictate the acidity of the 
proton bound to the sulfonate group. In a dry Nafion/CV film, the Nafion acidity is very strong, as a consequence, CV is in 
the diprotonated form, and make the film remains yellow. When water content increase  in the film, the sulfonate groups 
become less acidic and protons loss from the diprotonated CV, converting to the monoprotonated and non-protonated 
forms, which in turn, the color of the film changes to green [11]. 

The aim of this work is to develop on-package color indicator based on Nafion/CV film for tape ketan packaging. 
Here, the color film changes from yellow to blue and pale blue, as a result of its interactions with water vapor produce 
during fermentation process, and were evaluated directly with color image analysis (CorelDraw). Furthermore, the change 
of color indicator was correlated with other parameters, such as pH, titratable acidity (TA), ethanol content and sensory 
evaluation of TK samples during storage at ambient temperature. 

2. Materials and Methods
2.1 Chemicals

A Crystal Violet (98%) and Nafion solution (5 wt.%) in low alcohols and 10% water, were purchased from Aldrich 
(Milwaukee, WI, USA) and used as received. A stock standard solution of Crystal Violet (1000 ppm) was prepared in 
ethanol absolute (Aldrich, USA). 
2.2 Color Indicator Preparation 

Nafion/CV films were prepared as described previously [11] with slight modification. Solutions of Crystal Violet (1000 
ppm) in ethanol and Nafion were mixed together to make Nafion: Crystal Violet molar ratio at 1:1. Then the mixture was 
stirred (30 min) till homogenous. A 50 µL solution drop was placed on the plastic disc to make the film (~5 mm thickness), 
and then a 50 µL drop of methanol was pipetted on to the film and allowed to dry for 30 min at 28 ± 1°C. Afterward, the 
film is ready to be used as a color indicator. The design of the color indicator can be given in Figure 1(a). 

Figure 1 (a). Design of color indicator for TK ripeness
2.3 TK Preparation 

The TK was prepared as described previously [14, 15]. After each 100-g portion of glutinous rice (White polished rice 
from Jember traditional market) was steamed and cooling, it was inoculated with the ragi tape from Jember, Indonesia. 
The inoculated steamed rice was then covered with a banana leaf and put in the PP tray with Ny/CPP lid. Finally, it allowed 
being fermented for approximately 24 to 48 h at ambient temperature (28±1°C). Due to the fact that the temperature would 
affect the fermentation process of TK. Therefore, this ambient temperature was used for further experiments, in order to 
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reflect the real condition that occurs in the store, supermarket, and home. 
2.4 Measurement and Analysis of the Color Indicator 

The measurement of the color indicator was described previously [16] and their principles have been reported 
elsewhere [17, 18, 19]. The color indicator placed inside the lid of TK packaging as given in Figure 1(b). Using this design, 
the color change of the indicator can easily be detected by the naked eye during the fermentation stage. For quantitative 
measurement, a simple method was used, by means of a digital camera, rather than used the standard colorimetric 
method. In addition, this method shows its compatibility to be used with commercial devices, such as digital cameras and 
commercial software for image analysis. For color analysis, a digital camera (Canon MP 190, Japan) was used according 
to previously reported procedures using the graphics software CorelDraw [16]. This method is more suitable and simpler in 
comparison with visual inspection by the naked eye.

Figure 1 (b). The placement of color indicator inside the lit of package for TK ripeness stages, A is unripe, B is ripe and C is overripe

2.5 Measurement of Humidity, pH, TA, and Ethanol
The determination of humidity inside TK packaging was measured with a commercial humidity meter (Hertz, 

UK KM8006). For proximate wet analyses, a 10 grams sample of TK was blended with distilled water (20 ml) in a 
homogenizer for about 30 seconds. Then, the pH of the slurry was determined by a digital pH meter (Russel, Model 
RL150, USA). Titratable acidity of TK was determined by titrating the filtrates, a 10 g well-blended sample in 90 ml 
distilled water with 0.1 N NaOH to the endpoint using phenolphthalein as indicator. The alcohol content was determined 
using the distillation method, it was performed by blending 10 g sample with 90 ml distilled water in the homogenizer as 
described above. Each sample was analyzed in triplicates, and the results were reported as mean values.
2.6 Sensory Evaluation 

The sensory evaluation was used in this case, due to the fact that it shows the customer preferences toward TK 
ripeness stage to be more human and realistic, compared when the gas chromatography method used to detect aroma 
release during the fermentation stage, that can not be directly used to represent customer preferences. In order to describe 
TK ripeness stage by sensory evaluation, an additional test was performed [20]. For sensory evaluation, TK samples were 
investigated up to 7 days at ambient temperature. Every day, during a period of investigation, three of TK samples were 
taken from the package, tested and scored by a panel consisting of ten peoples (four males and six females with age 20-
30 years). The grading system was based on scores from 1 to 5 scales in categories of aroma, taste and color scores.  
Furthermore, the prevailing subjective status of the ripeness stage was evaluated from unripe to overripe. The samples 
were tested by individual taster independently, and the mean value of the scores was calculated. Finally, color change of 
the indicator and the evolution of other parameters (pH, acidity and ethanol) in the TK sample were investigated every day 
during the period of the investigation.   
2.7 Statistical Analysis 

The results of analyzed TK using the proposed on-package color indicator and its correlation with other parameters, 
such as RH, pH, titratable acidity (TA), and ethanol content as well as sensory evaluation are analyzed by using Pearson 
correlation coefficient (R) [21].
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3. Results and Discussion
3.1 The Indicator Response Towards the Fermentation Stage 

All color indicators were placed inside the lid of packaging, in close proximate (~5 cm) with TK samples to response 
to the relative humidity change during the fermentation process of TK, where the color indicator show a distinct color 
change from yellow to blue (Figure 1(b)). The other color indicator used as a blank was placed outside on the top of the lid, 
and expose to the ambient humidity during the period of investigation. 

Since we used ragi tape as inoculum for the production of TK, the ragi tape that contains numerous yeasts, fungi and 
bacteria [5, 22, 23, 24], are living aerobically or by fermentation. In the early stage of TK fermentation, enzymes are worked 
to produce free sugars [14, 22]. This fact explains the hydrolysis of enzyme, that makes TK is sweet, were in this stage, the 
color indicator still yellow, meaning no vapor is released yet, as humidity inside packaging roughly the same. Humidity 
inside TK packaging has mainly resulted from the equilibrium between water contained in the TK and its headspace inside 
packaging since the headspace outside the packaging is not much affected due to the TK stored in tray with lit that has very 
limited or very low of water vapor transmission rate so that humidity outside packaging can be neglected. When alcohols 
are produced, by sugars metabolism without oxygen with the yeasts via fermentation process [25], the color indicator starts 
to change to blue as water vapor also produces, and humidity inside packaging starts to increase drastically.  

The fermentation process of TK is slightly different from the fermentation process of wine or beer, even though it 
used sugars to produce alcohol. In TK fermentation, it involves the process called solid substrate fermentation [23, 24]. Each 
of the steamed glutinous rice is covered with a thin layer of viscous liquid, that makes diffusion and penetration of oxygen 
difficult. Thus, it makes a good environment setting for the fermentation of alcohol. The sugar molecules action with the 
liquid caused rheological changes of TK, which in turn, making it viscous or sticky. This is representing to the hydrogen 
bonding interaction between water molecules and the sugar molecules. The low content of alcohol in TK is due to not 
tight packing or the slightly open with high temperature inside packaging, that could result in the alcohol volatilization or 
vaporization and water vapor to the ambient environment inside packaging [26], which in turn caused color indicator change 
to blue as humidity was higher.    

After all the alcohols were produced as the products of fermentation is short-chain and lowering the evaporation, 
which in turn caused low water vapor as the color indicator change to pale blue, since the humidity was also lower. While, 
other color indicator used as blank placed outside on the top of the lid, was still yellow as no much change in the ambient 
humidity during the period of investigation. Here, the color image analysis using CorelDraw is presented as ∆ mean green 
versus relative humidity (%), as given in Figure 2. The ∆ mean green value is the difference between the average green 
value before and after exposure to relative humidity at certain stage of TK fermentation, and the ∆ mean green used, as it 
fits with color change of the indicator towards the relative humidity inside TK packaging, compared to other color image 
analysis such as ∆ mean blue, red and RGB. Therefore the ∆ mean green was used for further measurements as color 
indicator response.
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Figure 2. The color indicator response as ∆ mean green vs. relative humidity (%) during fermentation stage of TK within 7 days of 
investigation

3.2 pH, Acidity & Ethanol  
Figure 3(a) shows the color indicator response vs. the pH values of the TK samples during the fermentation stage. The 

pH values of the TK samples were varied from pH 5.42 at the unripe stage to pH 3.64 at an over-ripe stage at seven days 
of the experiment at ambient temperature. It can be seen from Figure 3(a) that the indicator varies in the earlier or unripe 
stage, then follow a similar trend in the ripe stage until the overripe stage of the TK sample. However, even the indicator 
response presented as the ∆ mean green in earlier stage or unripe is out of line with the pH decrease, however, the color 
indicator has a different color for each stage. It means that the decrease of pH during the TK fermentation process was 
followed by the color indicator change from yellow to blue and pale blue that reflects the fermentation stage, i.e. unripe, 
ripe and overripe respectively.
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Figure 3 (a). The color indicator response vs. pH during fermentation stage of TK within 7 days of investigation

During the TK fermentation process (7 days in ambient temperature), the increase of titratable acidity (%w/v) from 0.08 
to 0.76% in 7 days was given in Figure 3(b). It can be seen from Figure 3(b) that the indicator follows a similar trend until 
the TK ripe and vary from the acidity response when TK is ripe to overripe. However, even the indicator response is out of 
line with the acidity increase in overripe stages, but the color indicator also changes from yellow to blue then to pale blue 
when the acidity increase. It means that the increase in acidity during the TK fermentation process was indicated by the 
color change of indicator from yellow to blue and pale blue that represents unripe, ripe and overripe stages respectively.   
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Figure 3 (b). The color indicator response vs. acidity (%, w/v) during fermentation stage of TK within 7 days of investigation

The acidity increased during the TK fermentation process is similar results to the results of reported earlies [3, 22]. The 
correlation between pH and acidity is believed to be associated with both lactic acid bacteria and yeasts contained in ragi 
[3, 24, 27]. Both were well known for the production of acids especially lactic acid, whereas previously some yeasts were 
reported to produce acid in the fermentation of alcohol to make a nice contribution to the flavor of products [24, 28]. At this 
condition, high acidity and low pH  would also eliminated coliforms, enteropathogen and spoilage organisms in this TK 
product [3].

Meanwhile, the alcohol content in TK increased day by day during fermentation and was found as high as 4.6% (v/
v) after 7 days (Figure 3(c)) as also reported in reported in literature [25]. Figure 3(c) shows that the indicator follow similar 
trend till the TK ripe and vary from the alcohol response, when TK in the ripe and overripe stages. However, even the 
indicator response is out of line with the alcohol increase in ripe to overripe stage, but the color indicator give different 
color for different stages. This means that the increase of alcohol content during TK fermentation process was followed by 
the color indicator change from yellow to blue and pale blue that represent from unripe, ripe and overripe state respectively. 
Thus, the color change of the indicator could be correlated with the decreasing of pH and increasing of acidity and ethanol, 
as its show by the color indicator change from yellow (unripe) to blue (ripe) and pale blue (unripe) respectively. 
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Figure 3 (c). The color indicator response vs. alcohol content (%v/v) during fermentation stage of TK within 7 days of investigation

In the fermentation process, alcohol produced plays an important role in helping to extract flavor compounds from the 
substrates. Both lactic acid bacteria and yeasts also produce other volatile compounds, e.g. malty flavored 2-methyl-propane 
[3, 24]. Hence, correlation assessment between RH, pH, acidity, and alcohol content provides the potential application of 
the porposed on-package color indicator label in assessing TK ripeness. Pearson correlation coefficient (R) showed a high 
and positive correlation between ∆mean green and RH, as well as pH after TK ripeness has been reached. While a high 
and negative correlation between ∆mean green and acidity as well as ethanol content has been achieved after TK ripeness.  
According to the multiple regression analysis with fitting line and r (presented in Table 1) were calculated for RH, pH, 
acidity, and TMC. Therefore, RH, pH, acidity, and ethanol content parameters showed the high potential application of the 
on–package color indicator to asses the ripeness of TK. 

Table 1. Pearson correlation coefficient of ∆ mean green of color indicator with TK qualities’ parameters

Parameters Pearson’s r
RH 0.975*

Total acidity (after ripe) 0.970*

pH (after ripe) 0.961*

Alcohol content (after ripe) 0.966*
* represents that the values are significantly different (p≤0.05).

3.3 Sensory Analysis
The aroma, taste, and color of TK samples were also evaluated by sensory evaluation. The evaluations were conducted 

along with the color indicator response, and the results were also recorded. The sensory evaluation, therefore, confirmed 
the results of the color indicator response. The evaluation was performed in the laboratory conditions without any special 
treatments, considering the application of the color indicator at the shopping center, restaurant, stores, and others. Figure 
4 shows the output score of the aroma (a), taste (b) and color (c) of TK samples evaluations are also presented in Table 2. 
Table 2 lists the results of the sensory evaluation in ambient temperature vs. indicator response. From Figure 4, it can be 
noticed that the color indicator change has a similar response to the sensory score (aroma, taste and color score), where 
the point of the high acceptance of sensory score was similar to the optimum response of the color indicator response. 
While, correlation assessment between sensory evaluation (aroma, taste and color) provides the potential application of 
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the porposed color indicator label in assessing TK ripeness. Pearson correlation coefficient (R) showed a high and positive 
correlation between ∆mean green and sensory evaluation. Based on the multiple regression analysis with fitting line and 
r (presented in Table 3) were calculated for sensory evaluation (aroma, taste and color ). Therefore, sensory evaluation 
parameters presented the high potential application of the color indicator label to evaluate the ripeness of TK.

Table 2. Sensory evaluation results vs. indicator response of TK during fermentation process

Day Aroma Taste Color  ∆ Mean Green

1 1.3 ± 0,5 1.2 ± 0.4 1.5 ±0,5 9.36 ± 0.1

2 2.2 ± 0.6 2.4 ± 0.5 2.6 ± 0.5 16.86 ±1

3 4.8 ± 0.6 4.9 ± 0.3 5.0 ± 0.5 58.12 ± 0.1

4 4.5 ± 0.5 4.5 ± 0.5 4.6 ± 0.5 48.53 ± 1

5 2.7 ± 0.5 2.6 ± 0,5 2.7 ± 0.5 29.95 ± 1

6 1.8 ± 0.5 1.6 ± 0.5 1.6 ± 0.5 21.84 ±1

7 1.1	 ± 0.3        1.0 19.66 ± 0.6

 

(a)
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(b)

(c)
Figure 4. The color indicator response vs. aroma score (a); taste score (b); color score (c) during fermentation stage of TK within 7 days of 

investigation
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Table 3. Pearson correlation coefficient of ∆mean green of color indicator with TK Sensory’s evaluation results

Parameters Pearson’s r
Aroma 0.960*

Taste  0.941*

Color 0.921*

* represents that the values are significantly different (p≤0.05).

Here, the color indicator response fits well with the sensory response, compared to pH, acidity and ethanol content, 
since the flavors in TK product yield unique fermented products in term of aroma, taste, and color [2, 5] and these parameters 
scored by panels, which were much different from the unfermented (unripe) and over fermented (overripe) products of TK. 
Therefore, the color indicator can aid customers to select easily, which is fermented stage of TK product, that they prefer, 
for instance, unripe if the TK product would like to be consumed within 2-3 days later, ripe for immediate consumed within 
one day or next day, and overripe for those, who like higher alcohol content of TK product and warning of nearly expired 
product for the sellers. Thus, the on-package color indicator changes represented the ripeness stage of TK products, which 
could be used as an alternative for an effective non-destructive smart label for online monitoring of TK ripeness during the 
fermentation process. 

4. Conclusion
A simple Nafion/CV film was employed as an on-package color indicator and the correlation between the indicator 

and TK fermented stage was studied. The results of the study show that the color indicator could be employed for 
evaluation of TK fermented stage since the correlation between the indicator color change towards the fermentation stage 
of TK is in similar trend with sensory evaluation score, and the fermentation stage of TK samples could be monitored 
clearly via the color change of the indicator from yellow color when unripe, blue color when ripe, and finally pale blue 
color when overripe. The color indicator responses toward water vapor/humidity change in the package headspace during 
the fermentation process of TK packaging, which can be correlated with other parameters, such as pH, TA, and ethanol. 
Thus, the color indicators could be used as an alternative for the effective non-destructive smart label for on-package 
ripeness monitoring of fermented TK products. For the consumers, by viewing the color of the indicator, it could help 
to choose TK at their preferred state of fermentation. Further studies are required on the color indicators for TK using 
different sensing schemes, such as pH and ethanol. This smart label might be of potential value in assessing failed packages 
of fresh foods, e.g. minimally processed fruits and vegetables, where their freshness related to the water vapor released 
inside the packaging.  Since, the color indicator may serve as “smart labeling” devices coupled with the “used-by-date” 
labeling, when attached to each packaged product, or could be used in helping to optimize and manage the distribution 
control and the stock rotation system, which in turn, could reduce the food waste.
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