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Abstract: Accurate color measurement is essential across analytical chemistry, food science, and textile 

technology, yet conventional spectrophotometers remain costly and inaccessible for many 

researchers. Digital Image Colorimetry (DIC) is a low-cost alternative that quantifies color from 

digital cameras, scanners, or smartphones using RGB or CIELAB values. This Systematic Literature 

Review followed the PRISMA 2020 guideline to map DIC applications on natural dyes and pigments. 

Literature published between 2016 and 2026 was retrieved from Scopus; of 107 initial records, 44 

articles met the inclusion criteria after document-type and year filtering followed by title and 

abstract screening. DIC applications were dominated by chemical sensing (45%) and plant 

phenotyping (39%), followed by food packaging (11%), while textile dyeing accounted for only 4.5% 

(2 articles). In chemical sensing, 9 of 11 studies reporting correlation coefficients showed values 

above 0.99 against conventional methods. The review concludes that DIC is a validated method in 

the dominant domains but remains underutilized for natural dye-based textile color evaluation, 

warranting further investigation. Its low-cost, smartphone-based nature also suggests potential for 

participatory chemistry education. 

Keywords:  digital image colorimetry; natural dye; RGB analysis; textile dyeing; systematic review 

 

INTRODUCTION 

Accurate color measurement is a 

fundamental requirement across analytical 

chemistry, food science, and textile 

technology. Conventional instruments such as 

spectrophotometers and colorimeters have 

long served as the standard for color 

quantification due to their high accuracy and 

precision. However, these instruments are 

generally expensive, non-portable, and 

require specific technical expertise, making 

them difficult to access for researchers and 

educators with limited resources (Caraballo et 

al., 2021). 

Digital Image Colorimetry (DIC) has 

emerged as an alternative method that utilizes 

digital cameras, scanners, or smartphone 

cameras to capture an image of an object, 

followed by color value analysis using image-

processing software (Wongthanyakram et al., 

2019). This approach offers considerable 

advantages in terms of cost, accessibility, and 

portability compared to conventional 

instruments. Parallel to this trend, chemistry 

education research has also increasingly 

https://jurnal.unimed.ac.id/2012/index.php/jipk
mailto:lutfi@unib.ac.id
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adopted low-cost digital technologies, such as 

mobile-based augmented reality applications 

(Ritonga & Nurfajriani, 2026) and freely 

accessible simulation tools (Nafillah et al., 

2026), to improve accessibility and 

engagement in chemistry learning. 

Natural dyes and pigments derived 

from plants, such as curcumin, anthocyanin, 

and carotenoids, have gained increasing 

attention as environmentally friendly 

alternatives to synthetic dyes, both in textile 

dyeing and as colorimetric sensing agents. 

DIC has been applied to these pigments in 

several research domains and frequently 

shows high correlation with conventional 

spectrophotometric methods (Choodum et al., 

2020; Wongthanyakram et al., 2019).   

Despite this growing body of 

evidence, DIC applications remain 

concentrated in chemical sensing and plant 

phenotyping, while its use for natural dye-

based textile color evaluation is still scarce, 

with only isolated studies addressing this 

domain directly (Batarius et al., 2022; Nateri 

et al., 2019). While DIC has been validated in 

chemical sensing and plant phenotyping, no 

systematic review has mapped its distribution 

across domains, particularly in textile dyeing, 

leaving the scale of this imbalance unclear. 

This study addresses that gap by 

conducting a systematic literature review that 

maps DIC applications on natural dyes and 

pigments across all research domains. It 

quantifies the distribution of application areas 

and evaluates the reported validity of DIC 

against conventional methods. Accordingly, 

this study aims to systematically review the 

application domains, methodological 

characteristics, and validity of DIC for natural 

dyes and pigments in literature published 

between 2016 and 2026, and to identify 

research gaps that may guide future studies, 

particularly in textile dyeing and science 

education. This review addresses three 

research questions: (RQ1) What are the 

dominant application domains of DIC on 

natural dyes and pigments? (RQ2) How valid 

is DIC compared with conventional methods? 

(RQ3) What research gaps exist, particularly 

in textile dyeing and chemistry education?.  

 

Figure 1. State of the art of DIC applications on 

natural dyes and pigments. 

LITERATURE REVIEW  

Digital Image Colorimetry (DIC) is 

grounded in the principle that color 

information captured through a digital image, 

typically represented in RGB (Red, Green, 

Blue) or converted to CIELAB color space, 

can be correlated with the concentration or 

intensity of a colored analyte or pigment. This 

principle has been widely validated across 

multiple domains over the past decade, with 

correlation coefficients (R²) frequently 

exceeding 0.99 when compared against 

conventional spectrophotometric methods 

(Choodum et al., 2020; Wongthanyakram et 

al., 2019). 

 

Figure 2. General conceptual workflow of Digital 

Image Colorimetry (DIC). 

Within the chemical sensing domain, 

curcumin has emerged as one of the most 

extensively studied natural pigments for DIC-

based applications, owing to its pH sensitivity 

and strong colorimetric response to various 

analytes. Nandini et al. (2026) developed a 

curcumin-based smartphone colorimetric 

sensor for detecting H₂O and D₂O, while    

Ismail et al. (2024) applied a similar approach 

for the quantification of total curcuminoids in 

food samples. Beyond curcumin, other natural 

pigments such as catechin have also been 

incorporated into DIC-based sensing 

platforms, as demonstrated by 
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Phatthanawiwat et al. (2022) in the detection 

of iron using catechin- and curcumin-

immobilized starch cryogels. 

In the plant phenotyping domain, DIC 

has been employed as a low-cost alternative to 

conventional pigment extraction and chemical 

assays for estimating carotenoid, chlorophyll, 

and anthocyanin content.  de Carvalho et al., 

(2022) applied image-based phenotyping to 

predict carotenoid content in cassava roots, 

while Suchowilska et al. (2022) used digital 

image analysis to characterize color and shape 

descriptors of wheat genotypes. These studies 

consistently report that DIC-derived color 

parameters correlate significantly with 

laboratory-based pigment quantification, 

supporting its viability as a rapid, non-

destructive screening tool. 

DIC has also been applied in the 

development of smart food packaging, where 

natural pigments such as anthocyanin serve as 

visual freshness indicators Zhang et al., 

(2026) developed a blueberry anthocyanin-

functionalized hydrogel label for smartphone-

assisted freshness monitoring of perishable 

proteins, while Bao et al. (2024) demonstrated 

a similar application using a 3D-printed 

colorimetric film. In these studies, DIC 

functions not merely as a measurement tool 

but as an integral component of the sensing 

mechanism itself, where color change is 

captured and interpreted directly through a 

smartphone camera. 

In contrast to these well-established 

domains, the application of DIC to textile 

dyeing using natural dyes remains 

comparatively underexplored. Batarius et al. 

(2022) applied MSE and PSNR parameters 

derived from digital images to assess the color 

degradation of naturally dyed woven fabric 

under sunlight exposure, while Nateri et al. 

(2019) compared scanner-based digital 

imaging against spectrophotometric 

measurement for madder-dyed nylon fabric, 

reporting comparable results between the two 

methods. Although both studies suggest that 

DIC holds methodological promise for textile 

applications, the limited number of studies 

addressing this domain indicates that its 

potential remains largely untested at scale. 

Taken together, the literature shows 

that DIC is methodologically mature in 

chemical sensing, plant phenotyping, and 

food packaging, whereas its distribution 

across domains and its translation into textile 

applications have not been systematically 

examined.  

METHODS  

Research Design 

This study employed a Systematic 

Literature Review (SLR) design guided by the 

PRISMA 2020 framework (Page et al., 2021), 

which provides a transparent and reproducible 

protocol for identifying, screening, and 

synthesizing scientific literature. This design 

was selected because the objective of the 

study was not to generate new experimental 

data, but to systematically map and synthesize 

existing evidence on the application of Digital 

Image Colorimetry (DIC) on natural dyes and 

pigments. 

Data Source and Search Strategy 

Literature was retrieved from the Scopus 

database on 12 June 2026. The search string 

applied to titles, abstracts, and keywords 

(TITLE-ABS-KEY) was: ("digital image 

colorimetry" OR "digital image analysis" OR 

"RGB analysis" OR "smartphone 

colorimetry") AND ("natural dye" OR 

"natural pigment" OR anthocyanin OR 

carotenoid OR curcumin). The search was 

limited to journal articles published between 

2016 and 2026. 

Eligibility Criteria 

Studies were included if they met the 

following criteria: (1) peer-reviewed journal 

articles published between 2016 and 2026; (2) 

written in English; (3) explicitly applied or 

tested a DIC-based method for color 

quantification; and (4) involved a natural dye 

or pigment as the object of color 

measurement. Studies were excluded if they: 

(1) did not explicitly describe a digital-image-

based color measurement method; (2) relied 

solely on conventional methods without any 
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DIC component; (3) did not involve a natural 

dye or pigment; or (4) were conference 

papers, non-systematic reviews, or duplicate 

publications. 

Study Selection 

The initial search yielded 107 records. After 

filtering by document type and publication 

year, 87 records remained for title and abstract 

screening. Due to limited institutional access 

to subscription-based databases, full-text 

screening could not be performed for the 

entire set of records; screening was therefore 

based primarily on title and abstract content. 

For studies whose data are cited specifically 

in this review, particularly those addressing 

textile-related applications, cross-verification 

was performed against open-access secondary 

sources to confirm data accuracy. Following 

this process, 44 articles met all eligibility 

criteria and were included in the final 

synthesis. The complete selection process is 

presented in Figure 3. 

Data Extraction and Synthesis 

Data were extracted from each included 

article using a standardized table with the 

following fields: application domain, type of 

natural dye or pigment, DIC method and 

device, comparison method (where reported), 

and reported validity outcome. Validity 

outcomes were recorded as stated in the 

primary studies (correlation coefficient R² or 

r, limit of detection, or statistical equivalence 

with a reference method) without 

recalculation, and no minimum threshold was 

applied for inclusion. Each article was 

assigned to a single application domain 

according to the primary purpose of the color 

measurement: chemical sensing (natural 

pigment used as a sensing agent for an 

analyte), plant phenotyping (pigment content 

or color traits of plant or food material), food 

packaging (pigment-based freshness 

indicator), or textile dyeing (natural dye 

applied to fabric). Thematic clustering of the 

extracted descriptions was assisted by Claude 

and was used only to group the extracted 

information into themes; study selection, data 

extraction, domain classification, and 

interpretation were conducted manually by 

the author. 

 

Figure 3. PRISMA flow diagram of the article 

selection process. 

RESULT AND DISCUSSION 

Overview of Included Studies 

Following the selection process described in 

Figure 3, 44 articles met all eligibility criteria 

and were included in this review. The 

included studies originate from a wide range 

of application contexts, published in journals 

spanning analytical chemistry, food science, 

agricultural science, and materials science. A 

concise summary of the characteristics of 

these 44 studies, including their application 

domain, specific DIC method, and reported 

validity outcomes, is presented in Table 1.  

Table 1. Summary of study characteristics, including 

application domain, DIC method, and reported validity 

outcomes (n = 44). 

N

o 

Dom

ain 

DIC 

Method 

Validity 

Result 

Author & 

Year 

1 

Chemi

cal 

Sensin

g 

Smartphone 

RGB 

LOD 

0.327-

0.019% 

(Nandini 

et al., 

2026) 

2 
Plant 

Phenot

yping 

Computer 

image 

(CIELAB/RG

B/HSB) 

Correlate

d with 

carotenoi

d content 

in feed 

(Zantioti 

& 

Malandra

kis, 2026) 

3 
Food 

Packa

ging 

Smartphone 

RGB 

Good 

correlatio

n with 

(Zhang et 

al., 2026) 
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TVB-

N/pH 

4 
Food 

Packa

ging 

Camera-

readable 

colorimetric 

Significan

t <10% 

CO2 

(Sonawan

e et al., 

2026) 

5 
Plant 

Phenot

yping 

DIA 

(CIELAB, 

GrainScan) 

4 

differentia

ted color 

groups 

(Zykin et 

al., 2025) 

6 

Chemi

cal 

Sensin

g 

DIC 

R2 = 

0.9981 vs 

UV-Vis 

0.9982 

(Shabrina 

et al., 

2025) 

7 
Plant 

Phenot

yping 

Image 

analysis+ML 
R2 0.573-

0.818 

(Agarwal 

et al., 

2025) 

8 

Chemi

cal 

Sensin

g 

Smartphone 

RGB 
LOD 2.93 

mg/L 

(Chinnaw

at et al., 

2025) 

9 

Chemi

cal 

Sensin

g 

Smartphone 

DIC 
R2 > 

0.9906 

(Alikord 

et al., 

2025) 

1

0 

Chemi

cal 

Sensin

g 

Colorimetric 

sensor RGB 

R2 > 0.9 

(chloroph

yll) 

(Lorenzo 

et al., 

2025) 

1

1 

Food 

Packa

ging 

Smartphone 

RGB 

Ammonia 

sensitivity 

35.43% 

(Bao et 

al., 2024) 

1

2 

Chemi

cal 

Sensin

g 

Smartphone 

DIC 

Equivalen

t to HPLC 

(P=0.05) 

(Jantra et 

al., 2024) 

1

3 

Chemi

cal 

Sensin

g 

RGB analysis 
R2 = 

0.9903 

(Eskandar

i et al., 

2024) 

1

4 

Chemi

cal 

Sensin

g 

Smartphone 

DIC 

LOD 0.02 

µg/mL, 

R2 > 

0.9965 

(Ismail et 

al., 2024) 

1

5 

Food 

Packa

ging 

Smartphone 

RGB 

Correlate

d with 

G/R 

freshness 

ratio 

(Dong et 

al., 2023) 

1

6 

Chemi

cal 

Sensin

g 

DIA (RGB 

channel R) 

Equivalen

t to GC-

FID 

(Caleja-

Ballestero

s & 

Ballestero

s, 2023) 

1

7 

Chemi

cal 

Sensin

g 

DIC (RGB 

smartphone) 

Good 

linear 

calibratio

n 

(Wirojsae

ngthong et 

al., 2023) 

1

8 

Chemi

cal 

Sensin

g 

Digital-image 

photometry 

r ≥ 0.997 

vs 

spectroph

otometry 

(Claudio 

Martins et 

al., 2023) 

1

9 

Chemi

cal 

Sensin

g 

Smartphone 

DIC+ImageJ 
R2 > 

0.9955 
(Caleb et 

al., 2023) 

2

0 

Plant 

Phenot

yping 

DIA+ML 

(CNN) 
Accuracy 

0.821 

(Komyshe

v et al., 

2023) 

2

1 

Chemi

cal 

Sensin

g 

DIC 
Response 

time <1 

minute 

(Matthew 

et al., 

2022) 

2

2 
Textile 

MSE/PSNR+

RGB 

RGB 

change of 

8-10% 

(Batarius 

et al., 

2022) 

2

3 

Food 

Packa

ging 

Smartphone 

RGB 
- 

(Li et al., 

2022) 

2

4 

Chemi

cal 

Sensin

g 

DIC 
R2 > 

0.9997 vs 

FAAS 

(Phatthan

awiwat et 

al., 2022) 

2

5 

Plant 

Phenot

yping 

DIA (color 

descriptors) 

Correlate

d with 

processin

g quality 

(Suchowil

ska et al., 

2022) 

2

6 

Plant 

Phenot

yping 

DIC (digital 

camera) 

CIELAB 

parameter

s varied 

(Ramos-

Escudero 

et al., 

2022) 

2

7 

Plant 

Phenot

yping 

Image-based 

phenotyping 
R2 0.81-

0.94 

(de 

Carvalho 

et al., 

2022) 

2

8 

Plant 

Phenot

yping 
RGB value 

Highest 

yield 

1.797 g/L 

(Ma et al., 

2022) 

2

9 

Chemi

cal 

Sensin

g 

Smartphone 

DIC 
R2 > 

0.9965 

(Caleb & 

Alshana, 

2021) 

3

0 

Chemi

cal 

Sensin

g 

DIA 

(CIELAB a*) 

R2 = 

0.9754 vs 

pH meter 

(Sri Sruthi 

et al., 

2021) 

3

1 

Plant 

Phenot

yping 
DIA-PP 

Inhibition 

65-95% 

(Sasamot

o et al., 

2021) 

3

2 

Chemi

cal 

Sensin

g 

RGB image 

analysis 

Clear 

titration 

endpoint 

(Caraball

o et al., 

2021) 
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3

3 

Chemi

cal 

Sensin

g 

Digital 

imaging spot 

test 
- 

(de 

Oliveira et 

al., 2020) 

3

4 

Plant 

Phenot

yping 

DIA (scanning 

flour analyzer) 

Consisten

t with 

colorimet

er 

(Steinberg 

et al., 

2020) 

3

5 

Plant 

Phenot

yping 
DIA 

Correlate

d with 

carotenoi

d content 

(Salazar-

González 

et al., 

2020) 

3

6 

Chemi

cal 

Sensin

g 

DIC 
R2 > 0.99, 

LOD 0.04 

mg/L 

(Choodu

m et al., 

2020) 

3

7 

Chemi

cal 

Sensin

g 

Smart device 

DIC 

Equivalen

t to UV-

Vis & 

HPLC 

(Wongtha

nyakram 

et al., 

2019) 

3

8 
Textile 

Scanner 

(RGB→CIEL

ab) 

Comparab

le to 

spectroph

otometer 

(Nateri et 

al., 2019) 

3

9 

Plant 

Phenot

yping 

DIA tool 

(Color Test) 
- 

(Lozano-

Cavazos 

et al., 

2018) 

4

0 

Plant 

Phenot

yping 
DIA 

Kernel 

variation 

(Tańska, 

Ambrose

wicz-

up to 

19.67% 
Walacik, 

et al., 

2018) 

4

1 

Plant 

Phenot

yping 

DIA 

(RGB/HSI/La

b) 

Correlate

d with 

chlorophy

ll-color 

(Tańska, 

Buczek, et 

al., 2018) 

4

2 

Plant 

Phenot

yping 

Digital 

photography+

RGB 

More 

accurate 

than 

reflectanc

e 

(del Valle 

et al., 

2018) 

4

3 

Plant 

Phenot

yping 

DIA 

(L*a*b*C*) 

Significan

t change 

observed 

(Afsharni

a et al., 

2017) 

4

4 

Plant 

Phenot

yping 

DIA(RGB)+h

yperspectral 
R2 up to 

0.91 

(Elsayed 

et al., 

2016) 

Note: CIELAB = CIE L*a*b* color space; 

CNN = convolutional neural network; DIA = digital 

image analysis; DIA-PP = digital image analysis with 

protoplast co-culture method; DIC = digital image 

colorimetry; FAAS = flame atomic absorption 

spectrometry; GC-FID = gas chromatography with 

flame ionization detection; HPLC = high-performance 

liquid chromatography; HSB = hue, saturation, 

brightness; HSI = hue, saturation, intensity; LOD = 

limit of detection; ML = machine learning; MSE = 

mean squared error; PSNR = peak signal-to-noise 

ratio; RGB = red, green, blue; TVB-N = total volatile 

basic nitrogen; UV-Vis = ultraviolet-visible 

spectrophotometry.

Analysis of the publication year 

distribution (Figure 4) shows a consistent 

upward trend in DIC-related research on 

natural dyes and pigments, rising from a 

single publication in 2016 to a peak of eight 

publications in 2022, and remaining high 

through 2025-2026. This pattern indicates that 

interest in DIC as a natural-pigment 

measurement method has intensified 

substantially over the past decade, consistent 

with the broader trend toward accessible, low-

cost analytical technologies described in the 

Introduction.   

 

Figure 4. Publication year distribution (n = 44). 

To answer the primary research 

question of this review, the distribution of 

DIC applications across domains was 

quantified (Figure 5). The results show that 

DIC applications are concentrated in chemical 

sensing (45%, 20 articles) and plant 

phenotyping (39%, 17 articles), while food 

packaging accounts for 11% (5 articles) and 

textile dyeing accounts for only 4.5% (2 

articles) of the total corpus. 
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Figure 5. Distribution of DIC application domains (n 

= 44). Percentages may not sum to 100% due to 

rounding. 

Validity of DIC Relative to Conventional 

Methods 

The validity of DIC as a color 

quantification method is grounded in the 

principle that the intensity of red, green, and 

blue channels captured in a digital image, or 

their transformation into CIELAB 

coordinates, varies systematically and 

predictably with the concentration of a 

colored analyte or pigment, in a manner 

analogous to the relationship between 

absorbance and concentration described by 

the Beer-Lambert law in conventional 

spectrophotometry. If this theoretical 

relationship holds, DIC-derived color values 

should correlate strongly with results obtained 

through conventional instruments across 

diverse sample types. 

This expectation is supported by the 

evidence synthesized in this review, with 

differences between domains. Among the 11 

chemical sensing studies that reported a 

correlation coefficient (R² or r) against a 

conventional method, 9 reported values above 

0.99 (Table 1), and in several cases no 

statistically significant difference was found 

between the two methods (Choodum et al., 

2020; Phatthanawiwat et al., 2022).  Plant 

phenotyping studies, in which color is related 

to pigment content in heterogeneous 

biological material, reported lower and more 

variable values, with R² ranging from 0.57 to 

0.94 (Agarwal et al., 2025; de Carvalho et al., 

2022). Agreement with a reference instrument 

was also reported for scanner-based color 

measurement of madder-dyed nylon (Nateri et 

al., 2019). Overall, the evidence indicates that 

the theoretical basis of DIC holds across 

heterogeneous pigments, devices, and 

applications, with the strongest agreement in 

chemical sensing. 

Linearity and Contradiction with Previous 

Research 

The findings of this review are largely 

linear with, and extend, observations made in 

individual primary studies. Prior authors 

working within specific domains, such as 

Zhang et al. (2026) in food packaging and 

Suchowilska et al. (2022) in plant 

phenotyping, have each independently noted 

the accessibility and validity advantages of 

DIC within their respective fields. However, 

none of these individual studies were 

positioned to assess how evenly this evidence 

is distributed across domains as a whole. The 

present review does not contradict these 

individual findings; rather, it provides the first 

quantitative account of the imbalance that 

emerges when they are viewed collectively; 

an imbalance that could not be observed from 

any single primary study in isolation. 

With respect to the textile domain 

specifically, the two available studies show a 

degree of contradiction in their reported 

strength of evidence. Nateri et al. (2019) 

reported that scanner-based DIC produced 

results comparable to spectrophotometric 

measurement for madder-dyed nylon fabric, 

suggesting high method agreement consistent 

with findings in other domains. In contrast, 

Batarius et al., (2022) reported measurable 

color degradation using MSE and PSNR 

parameters without a direct 

spectrophotometric comparison, meaning the 

quantitative validity of DIC in that specific 

study was not established against a reference 

method. This distinction is an important 

nuance: while DIC has been shown to be 

technically applicable to textile evaluation, 

only one of the two available studies has 

actually validated it against a conventional 

method, indicating that the evidentiary basis 

for textile applications is not only smaller in 
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volume but also less methodologically 

consistent than in the three dominant domains. 

The small number of textile studies 

may reflect how DIC has been used in this 

field. Nateri et al. (2019) positioned DIC as a 

substitute for the spectrophotometer, 

converting scanner-derived RGB values to 

CIELAB and comparing them with reference 

measurements on madder-dyed nylon, so 

agreement between methods was the outcome 

of interest. Batarius et al., (2022), in contrast, 

used the image-quality metrics MSE and 

PSNR to track the degradation of naturally 

dyed woven fabric under sunlight, so DIC 

served to monitor change within one material 

rather than to be benchmarked against a 

reference instrument. The two studies 

therefore differ in objective, color metric, and 

validation strategy, which prevents direct 

comparison and leaves no common protocol 

for textile applications. In the other three 

domains, color values are typically calibrated 

against analyte concentration or pigment 

content and compared with a reference 

method (Table 1). Standardizing image 

capture conditions and color metrics, and 

validating them against spectrophotometric 

measurement, is therefore the main 

methodological need identified by this review 

for natural dye-based textile evaluation. 

Because the search terms combined DIC-

related and natural pigment terms (see 

Limitations), textile studies that use other 

terminology may not have been captured. 

Implications for Chemistry Education 

The concentration of DIC research in 

analytical and agricultural contexts, rather 

than education-oriented applications, also 

points to an underexplored opportunity within 

chemistry education. Ritonga and  

Nurfajriani. (2026)  demonstrated the 

feasibility of augmented reality-based 

Android applications for abstract chemistry 

concepts, while Nafillah et al. (2026) 

demonstrated that freely accessible simulation 

tools can effectively substitute for limited 

laboratory facilities in practical chemistry 

instruction, and Sianturi et al. (2026) similarly 

integrated PhET simulation into a discovery 

learning-based e-module for reaction rate 

material. Likewise, Wardani et al. (2022) 

developed a laboratory module on the UV-

Visible spectra of natural compounds used as 

dye sensitizers and reported it to be valid, 

practical, and effective for chemistry 

education students, showing that practicum 

modules built around natural dyes can be 

packaged as teaching material. However, the 

successful classroom adoption of such tools 

depends not only on their technical validity 

but also on teacher readiness. Sabrina & 

Suprihatiningrum, (2026) found that digital 

pedagogical competence among pre-service 

chemistry teachers remains uneven, 

suggesting that any future integration of DIC 

into chemistry education would similarly 

require attention to teacher preparedness, not 

solely technical validation. Furthermore, the 

smartphone-based and low-cost nature of DIC 

aligns closely with the participatory, 

accessible ethos of citizen science approaches 

in chemistry education, as illustrated by 

Abdjul et al. (2026), whose citizen science-

based thermochemistry module was designed 

to strengthen scientific literacy through direct 

student engagement with real-world 

phenomena using accessible tools. It remains 

to be tested empirically whether DIC can 

serve as an entry point for participatory, 

inquiry-based learning grounded in local 

wisdom-based natural dye practices; no study 

in the current literature has examined this 

application. 

Limitations 

Several limitations should be considered. 

First, only the Scopus database was searched, 

so relevant studies indexed elsewhere were 

not captured. Second, because of limited 

institutional access, full-text screening could 

not be completed for all records, and 

screening relied mainly on titles and abstracts. 

Third, domain classification and thematic 

clustering were performed by a single 

reviewer with AI assistance, without inter-

rater verification, which may introduce 

classification bias. Fourth, the search covered 

English-language journal articles published 

between 2016 and 2026, thereby excluding 



Fitria Sagita, M. Lutfi Firdaus, Euis Nursaadah 
Jurnal Inovasi Pembelajaran Kimia (Journal of Innovation in Chemistry Education) Volume 8, Issue 2, October 2026 

Digital Image Colorimetry for Natural Dye and Pigment Color Quantification: A Systematic Review 
 

384 
 

earlier foundational work and studies in other 

languages. Finally, validity outcomes were 

recorded as reported in the primary studies 

without re-analysis, and no formal risk-of-bias 

assessment was conducted; the synthesis of 

validity is therefore descriptive. 

CONCLUSION 

This review mapped 44 articles on the 

application of Digital Image Colorimetry 

(DIC) to natural dyes and pigments 

published between 2016 and 2026. In 

response to the first research question, DIC 

applications are concentrated in chemical 

sensing (45%) and plant phenotyping (39%), 

followed by food packaging (11%), with 

textile dyeing represented by only two 

studies (4.5%). In response to the second, 

DIC showed high agreement with 

conventional methods: 9 of 11 chemical 

sensing studies reporting correlation 

coefficients exceeded 0.99, whereas plant 

phenotyping studies reported lower and 

more variable values (R² 0.57 to 0.94). In 

response to the third, the main gap lies in 

textile dyeing, where only one of the two 

studies validated DIC against a 

spectrophotometer. Future studies should 

therefore standardize image capture 

conditions and color metrics for textile color 

evaluation and validate them against 

spectrophotometric measurement. As a low-

cost, smartphone-based tool, DIC has also 

not yet been examined in chemistry 

education, and its use in natural dye-based 

practicum activities can be tested in future 

research. 
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