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ABSTRACT

Carrageenan is one of the most prominent hydrocolloids in the food industry used as a thickener and additive to 
improve the texture of food products. However, the detection of carrageenan in the food product is still limited as 
many interferences in the food matrix can interfere with the signal obtained. This research aims to study the effect 
of interference species on a simple and rapid quantitative detection of carrageenan by using a cationic dye which is 
methylene blue. Methylene blue will form a complex with carrageenan at 565 nm due to the hypsochromic shift of 
the methylene blue peak at 664 nm with a color change from blue to bluish purple. The optimization and analytical 
performance of carrageenan-methylene blue complexes were characterized by using UV-Visible Spectrophotometer. 
A dynamic linear concentration range for carrageenan detection was obtained in the range of 70-100 ppm (R2 = 
0.9837) with a limit of detection (LOD) estimated at 38.37 ppm. The reproducibility study was found to give a 
satisfactory relative standard deviation (RSD) value of 1.64-1.94%. Selectivity experiments were carried out where 
the methylene blue demonstrated acceptable selectivity towards carrageenan with no significant interference from 
sucrose and glucose. 
Keywords: Complexation; free solution; methylene blue

ABSTRAK

Karagenan ialah salah satu hidrokoloid yang popular dalam industri makanan yang selalunya digunakan sebagai 
pemekat dan aditif untuk memperbaiki tekstur produk makanan. Walau bagaimanapun, pengesanan karagenan dalam 
produk makanan adalah masih terhad kerana banyak gangguan dalam matriks makanan yang boleh mengganggu 
isyarat yang diperoleh. Penyelidikan ini bertujuan untuk mengkaji kesan spesies gangguan terhadap pengesanan 
kuantitatif karagenan yang mudah dan cepat dengan menggunakan pewarna kationik iaitu metilena biru. Metilena 
biru akan membentuk kompleks dengan karagenan pada 565 nm disebabkan oleh peralihan hipsokromik puncak 
metilena biru pada 664 nm dengan perubahan warna daripada biru kepada ungu kebiruan. Pengoptimuman dan 
prestasi analisis kompleks karagenan-metilena biru telah dicirikan dengan menggunakan Spektrofotometer Ultraungu 
Tampak. Julat kepekatan linear dinamik untuk pengesanan karagenan diperoleh dalam julat 70-100 ppm (R2 = 0.9837) 
dengan had pengesanan (LOD) dianggarkan pada 38.37 ppm. Kajian kebolehulangan didapati memberikan nilai 
sisihan piawai relatif (RSD) yang memuaskan iaitu 1.64-1.94%. Uji kaji kepilihan telah dijalankan dan metilena 
biru menunjukkan kepilihan yang boleh diterima terhadap karagenan tanpa gangguan ketara terutamanya daripada 
sukrosa. 
Kata kunci: Larutan bebas; metilena biru; pengkompleksan 

INTRODUCTION

Food industry has always been a multi-billion dollars 
business. New products are developed rapidly to 

further compete and tap into this industry (Sacks et al. 
2020). Growing demand for processed foods is a global 
trend due to the population growth and the conflicting 
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economic trends around the world (Chen et al. 2020). 
This has made one of the branches in the food industry 
which is the hydrocolloid market to be relatively popular 
and successful. One of the most popular hydrocolloids 
used in the food industry is carrageenan due to its great 
physical and biological properties (Goeff & Guo 2019).

Generally, carrageenan is widely added into 
confectionery products and processed food as a food 
hydrocolloid (Hotchkiss et al. 2018). Carrageenan is 
commonly used in food products to improve appearance, 
flavour, taste and colour qualities, to impart processing 
benefits such as freeze-thaw stability, sliceability, retain 
freshness, and increase shelf life, as well as to increase 
yield (Goeff & Guo 2019). Even though carrageenan 
was considered safe to consume by the U.S. Food and 
Drug Administration (FDA), some studies have shown 
that consuming carrageenan can affect human health 
(Tobacman et al. 2008). Controversial studies made by 
a researcher named Tobacman that started in the late 
1990s have shown that consuming carrageenan can 
cause gastrointestinal effects or inflammation. Although 
the result of the studies was not able to be replicated, 
it has started a conversation about the harmful effect 
of consuming carrageenan and has become the topic 
of interest to researchers to study the harmful effect of 
consuming carrageenan toward the human body (Liu 
et al. 2021).

The Scientific Committee for Food (SCF) and the 
Joint FAO/WHO Expert Committee on Food Additives 
(JEFCA) have both approved carrageenan for human 
consumption. The SCF had no objections to carrageenan 
being used in infant formula for up to 0.3 g/L in 2003. 
In addition, JEFCA stated in 2015 that ‘the use of 
carrageenan in newborn formula up to 1000 ppm is not of 
concern’ (Younes et al. 2018). Nowadays, studies have 
found that carrageenan can inhibit proteolysis which is 
the breakdown of proteins or peptides into amino acids 
by the action of enzymes in the gastrointestinal tract 
especially toward children and adults with short bowel 
syndrome (Liu et al. 2021). Carrageenan have also been 
shown to regulate gut permeability and intestinal barrier 
function in the human body (Liu et al. 2021). 

The quantitative measurement of carrageenan 
in food remains a difficult problem for analysts. Low 
carrageenan content in food products, and a lot of 
interfering chemicals including alginate, agar, glucose, 
calcium, and sodium chloride can make it hard to 
analyse the carrageenan content in food products. 
Generally, there are a lot of methods and techniques 
such as high-performance liquid chromatography 

(HPLC), Fourier transform infrared spectroscopy 
(FTIR), histochemical method and spectrophotometric 
titration to determine carrageenan in the food product. 
However, most of the analysis cannot be carried out 
in-situ and trained personnel is required to handle the 
instruments (Ling & Heng 2014; Ziółkowska et al. 
2021). Moreover, all the conventional methods such as 
chromatographic technique, infrared spectroscopy and 
Raman spectroscopy usually are very time consuming 
and costly (Sun et al. 2021). For example, HPLC method 
may suffer from long analysis time and costly due the 
large amount of solvent use (Luxminarayan et al. 2017). 
In this study, methylene blue (MB) was used as the 
indicator for the study of carrageenan-MB complexation. 
Although MB is considered toxic and non-biodegradable, 
MB which is a cationic dye is widely used for adsorption 
study and are able to interact with polyanion (Alsubaie 
et al. 2021; Khan et al. 2022). The used of MB as the 
indicator for carrageenan detection offered a simple 
and quick method. The present paper reports a simple 
spectrophotometric method for the determination of 
carrageenan. Although, there are similar studies has been 
conducted by Ling and Heng (2014), in our study, we 
focus and highlight on the effect of interference species 
on the selectivity of the detection method.

MATERIALS AND METHODS

MATERIALS

Methylene blue, kappa-carrageenan, glucose, sucrose 
and sodium alginate was obtained from R&M Chemical. 
Deionized water was used throughout the measurements.

PREPARATION OF KAPPA-CARRAGEENAN SOLUTION
Stock solution of kappa-carrageenan (1000 ppm) was 
prepared by weighing 0.1 g of kappa-carrageenan and 
adding 100 mL of deionized water. The solution was 
then heated at 75-80 °C and stirred continuously until 
the kappa-carrageenan was fully dissolved. The working 
solution (10-200 ppm) were freshly prepared with the 
required dilution.

ABSORPTION SPECTRA OF MB SOLUTION AND 
REACTION OF MB WITH CARRAGEENAN

All the absorption spectra was recorded using UV-Vis 
Spectrophotometer. About 2 mL of MB (0.020 mM) 
and 2 mL of carrageenan (100 ppm) was mixed and 
was analysed at the wavelength range of 200-800 nm.
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EFFECT OF MB CONCENTRATION

A series of different MB concentrations (0.001 mM, 0.005 
mM, 0.01 mM and 0.020 mM) solutions were prepared 
in 25 mL volumetric flasks. A fixed concentration of 
carrageenan (100 ppm) was then reacted with 0.001 mM 
MB followed by 0.005 mM, 0.01 mM and 0.020 mM.

EFFECT OF KAPPA-CARRAGEENAN CONCENTRATION
A series of different carrageenan concentrations (10-200 
ppm) solutions were prepared in a 25 mL volumetric 
flask. A fixed concentration of MB (0.020 mM) was then 
reacted with 10 ppm of carrageenan solution at a volume 
ratio of 1:1. Graph of absorbance versus different 
concentration of carrageenan was plotted at 565 nm 
and 664 nm. Limit of detection (LOD) was calculated 
(Taha et al. 2022).

where σ is the standard deviation of the blank; and S is 
the slope of the calibration curve.

STABILITY STUDY OF MB SOLUTION AND 
REPRODUCIBILITY STUDY OF CARRAGEENAN-MB 

COMPLEX

For the stability study of the MB solution, the absorbance 
of the 0.020 mM MB solution was recorded for every 
1 hour interval for the duration of ten hours. Then, the 
relative standard deviation (RSD) was calculated. For the 
reproducibility study, 0.020 mM MB was reacted with 
70 ppm and 100 ppm carrageenan and the absorption 
spectra was recorded at the wavelength 565 nm. The 
same procedure was repeated eight times and the RSD 
was calculated. 

INTERFERENCE STUDY

An interference study was performed to analyse the 
absorbance of the carrageenan-MB complex when 
carrageenan was used with other posibble interference 
species. The possible interference that were used in this 
study include sucrose, glucose and alginate. Interference 
study was carried out separately by reacting carrageenan 
with 0.020 mM MB and carrageenan with other possible 
inteference species. In addition, the response of the 
carrageenan solution (70-100 ppm) with the presence 
of sucrose (70-100 ppm) and 0.020 mM MB also was 
recorded. The same step was repeated for glucose and 
alginate species. Then, the linear range were tested 

using t-test statistical analysis. For a t-test statistical 
analysis, the value was concluded based on the p-value. 
The p-values that are less than 0.05 displayed that there 
is a significant difference between the absorbance value.

RESULTS AND DISCUSSION

CHEMICAL INTERACTION BETWEEN CARRAGEENAN 
AND METHYLENE BLUE

Based on Figure 1, the maximum absorbance for free 
MB was found at wavelength 664 nm. The reaction 
between carrageenan and MB displays a hypsochromic 
shift from 664 nm to 565 nm (Herfurth & Ulrich 2017). 
Complexation of the carrageenan with MB at 565 nm 
produce a colour change from light blue to bluish purple 
(Ziółkowska et al. 2021). This happened due to the 
nature of the MB as a cationic dye and carrageenan as a 
polyanion. The organosulfates located in the carrageenan 
structure will interact with the nitrogen in MB to form 
the carrageenan-MB complex (Lapwanit, Sooksimuang 
& Trakulsujaritchok 2018) (Figure 2). In this study, 
565 nm was chosen as the working wavelength for the 
subsequent analysis.

EFFECT OF MB CONCENTRATION

The effect of MB concentration on the absorbance 
was performed in the range of 0.001-0.020 mM. The 
absorbance is proportional to the concentration where 
the absorbance of MB was found to be increased with 
the increasing of MB concentration in accordance 
with Beer’s Lambert Law. A higher concentration of 
MB will lead to deviation from Beer’s Lambert Law 
(Bhanvase and Barai, 2021). In this study, 0.020 mM 
MB was chosen as the optimum concentration and this 
concentration was used throughout the analysis.

EFFECT OF KAPPA-CARRAGEENAN CONCENTRATIONS
Figure 3(a) illustrates the absorption spectrum and Figure 
3(b) shows the response curve of the MB-carrageenan 
compound with different concentrations of carrageenan 
(0-200 ppm). The absorbance of the compound forms 
at 565 nm increase with the increasing of carrageenan 
concentration while there is a decreasing trend in the 
absorbance at 664 nm with the R2 value of 0.9837 and 
0.9213, respectively. This is due to the formation of 
the dimer form of the carrageenan-MB compound at 
565 nm  (Lapwanit, Sooksimuang & Trakulsujaritchok 
2018). Figure 3(a) also displays one isosbestic point at 

LOD = 3.3σ
S  
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588 nm where the presence of isosbestic points in the 
spectrum indicates that the compound's ion associates 
are stoichiometric and the carrageenan ions is fully 
used in the formation of the compound (Ziółkowska 
et al. 2021). Isosbestic point is the point where the 
wavelength, wavenumber, or frequency at which a 
sample's total optical activity remains constant during 
a chemical reaction (Hemdan, Jebaly & Ali 2019). 
The absorbance value at these wavelengths remains 
constant and is unaffected by carrageenan concentration. 
Based on Figure 3(b), the absorbance signal reaches a 
saturation point when the concentration of carrageenan 
is higher than 100 ppm where the signal at this point 
becomes plateau. This signifies that the complex 

formation between carrageenan and MB are maximum 
at this point. The dynamic linear response was found in 
the range of 70-100 ppm with linear regression value 
(R2) of 0.9837 and LOD value of 38.37 ppm.

STABILITY STUDY OF MB SOLUTION AND 
REPRODUCIBILITY STUDIES OF CARRAGEENAN-MB 

COMPLEX

The photostability study was carried out to determine 
any possibility of photodecomposition of the MB reagent 
when the MB reagent was exposed to light for 10 h. The 
RSD value obtained was 0.252% which demonstrated 
that the MB reagent is stable and can be used when 
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FIGURE 3. (a) Plot of absorbance versus wavelength at different carrageenan 
concentrations (10-1000 ppm) with 0.020 mM MB (b) Plot of absorbance versus 

concentration of carrageenan (0-200 ppm) react with 0.020 mM MB
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exposed to light for up to 10 h. Reproducibility study 
was carried out by measuring the absorbance of eight 
replications of MB-carrageenan complex solution. 

The reproducibility study of eight replications of MB-
carrageenan complex solution yields an acceptable RSD 
value of 1.94% and 1.64% for 70 ppm and 100 ppm, 
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respectively. The RSD value of less than 5% displayed 
that the reproducibility of the method is considered good 
and precise (Taylor 2018).

INTERFERENCE STUDY

Based on Figure 4(a), sucrose and glucose show almost 
similar absorption spectrum with MB alone with a 
prominent peak at 664 nm. Hence, sucrose and glucose 
can be considered not to interfere with the carrageenan 
detection as no hypsochromic shift occurred. Both 
carrageenan-MB and alginate-MB complex produce 

almost similar colours due to the formation of the 
dimer form of the complex at 565 nm and 600 nm 
for carrageenan-MB and alginate-MB, respectively 
(Lipatova, Makarova & Mezina 2016). Although both 
carrageenan-MB and alginate-MB complex produce 
almost similar colour, no absorption peak was shown 
at 565 nm for the alginate-MB complex. The alginate-
MB complex shows two absorbance peaks at 600 nm 
and 664 nm.

In order to confirm whether the presence of alginate 
interfered with the signal of the carrageenan-MB 
complex, the dynamic linear range study was carried 
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out. The absorbance of the carrageenan-MB complex at 
565 nm increases with the increase of the carrageenan 
concentration and is significantly higher than the 
sucrose-MB and glucose-MB complex. Alginate can 
be considered to interfere with carrageenan detection 
although it does not exhibit any peak at 565 nm. This is 
because alginate is also a polyanion and can react with 
MB through charge-charge interaction (Lee & Mooney 
2012; Makhado et al. 2020). Even though alginate-MB 
also displayed absorbance value at 565 nm, the trend is 
not similar with carrageenan where in the increasing of 
alginate concentration, the absorbance of the alginate-
MB complex decreases. In order to test whether there are 
any significant differences between the absorbance value 
of the carrageenan-MB complex with the interference 
species, t-test statistical analysis was performed (Wan 
Khalid et al. 2019).

Based on Table 1, p-values that are less than 0.05 
show that there is a significant difference between the 
absorbance value of the carrageenan-MB complex and 
interference-MB complex. For both sucrose-MB and 
glucose-MB complex, the p-value is less than 0.05 which 
means that there is a significant difference between 
the sucrose and glucose complex and the carrageenan-
MB complex, thus accepting the null hypothesis. The 
difference in the absorbance of carrageenan-MB complex 
with sucrose-MB MB and glucose-MB complexes 
showed that sucrose and glucose are not interfere with 
the absorbance of the carrageenan-MB complex. For 
the alginate-MB complex, the p-value for both 565 nm 
and 664 nm are more than 0.05. This shows that the 
null hypothesis is rejected where there is no significant 
difference in absorbance value between the carrageenan-
MB complex and the alginate-MB complex. Based on 

Figure 4(b), it displayed that no significant difference 
in the absorbance value when the alginate concentration 
is less than 100 ppm. As explained earlier, alginate-MB 
did not produce any significant peak at 565 nm while it 
produces a peak at 600 nm.

Based on Figure 5, there are two prominent 
absorption peaks located at 565 nm and 664 nm for 
the carrageenan-MB complex, carrageenan+sucrose-
MB complex and carrageenan+glucose-MB complex. 
The carrageenan+alginate-MB complex is the only 
complex that has two significant peaks at 600 nm and 
664 nm. In addition, there are no peaks at 565 nm for 
carrageenan+alginate-MB, however, the absorbance is 
maximum and nearly close to carrageenan absorbance. 
This may be due to the formation of dimer alginate-
MB that is more likely than the formation of dimer 
carrageenan-MB. Moreover, this may occurred due 
to the presence of carboxylate (COO-) groups in the 
alginate polymer which is more likely to bind with the 
cationic MB dye than organosulfate (-OSO3

-) groups 
in the carrageenan polymer matrix (Król et al. 2016; 
Lapwanit, Sooksimuang & Trakulsujaritchok 2018).

It is pertinent to point out that the absorbance value 
for all interference species at 565 nm are slightly lower 
than the absorbance of carrageenan alone. In addition, 
there are some fluctuations in the absorbance value of 
all the interfering species especially at 90 ppm and 100 
ppm. Moreover, the presence of alginate is considered 
to interfere with the carrageenan measurements since 
there is no clear increasing trend displayed especially in 
the presence of alginate. As for Figure 6, carrageenan-
MB complex displays a lower absorbance value than the 
carrageenan+interference complex at 664 nm.

TABLE 1. p-value of interference-MB complex and carrageenan-MB complex at 565 nm and 664 nm

Complex 565 nm 664 nm

Sucrose-MB 0.047 1.294 × 10-5

Glucose-MB 0.042 3.53 × 10-5

Alginate-MB 0.228 0.092
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FIGURE 5. Plot of absorbance versus wavelength for carrageenan with interference 
species. Carrageenan and interference species concentration were fixed at 100 ppm 

with 0.020 mM MB

FIGURE 6. Interference study at interference species concentration in the range of 
70-100 ppm. The signal was recorded at 565 nm
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Based on the Table 2, carrageenan+alginate-MB 
have shown to give the lowest R2 value. This means 
that in the presence of alginate, the determination of 
carrageenan will be affected the most even though there 
are no peak at 565 nm. 

As mentioned earlier, t-test was conducted to 
determine whether the presence of interference species 
together with carrageenan will give effect to the linear 
range of the carrageenan detection at 565 nm and 664 
nm.
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TABLE 2. The linear correlation and R2 of carrageenan and interference species

Species Linear correlation R2

Carrageenan y = 0.0007x+0.1365 0.9837

Carrageenan+sucrose y = 0.0002x+0.1681 0.8464

Carrageenan+glucose y = 0.0030x+0.1532 0.6294

Carrageenan+alginate y = 0.0002x+0.1683 0.2082

TABLE 3. p-value of carrageenan+interference complex when compared to carrageenan species at 565 nm and 664 nm

Species 565 nm 664 nm

Carrageenan+sucrose 0.047 4.75 × 10-4

Carrageenan+glucose 0.042 3.76 × 10-4

Carrageenan+alginate 0.228 0.02

Based on Table 3, the carrageenan+sucrose and 
carrageenan+glucose show a p-value of less than 0.05 at 
565 nm. This shows that there is a significant difference 
in the absorbance value between the carrageenan species 
and carrageenan+sucrose and carrageenan+glucose 
complex. This means that sucrose and glucose are 
considered to interfere with the intensity of the 
absorbance value of the dimer carrageenan-MB. There 
are some contradictions between the R2 value and the 
p-value as the p-value suggest that sucrose and glucose 
will interfere with the detection of carrageenan. This 
happened may be due to possibility of glucose to reduce 
the MB and decolorize the MB into a light blue thus 
changing the absorbance intensity at 565 nm (Anderson 
et al. 2012). The p-value shows that no interference from 
alginate and as can be seen in Figure 5, no significant 
peak displays for alginate at 565 nm. However, 
the absorbance intensity of the carrageenan and 
carrageenan-alginate are almost similar due to alginate 
that have a high affinity for MB in solution (Figure 5) 
(Ling & Heng 2014). Generally, the interference from 
the interfering species can be avoided or minimized by 
using masking agents. Alginate can be masked by adding 
calcium chloride in the sample. Alginate will react with 

calcium chloride to form calcium alginate gel that can 
be removed from the sample using filtration process 
(Haldar & Chakraborty 2019). 

Table 4 displays the analytical performance of 
this work with the previous spectrophotometric study 
for carrageenan detection. Bartlová et al. (2021) used 
new MB and titration process for carrageenan detection. 
Although the LOD of this method is very low, they used 
a large amount of reagent in each titration process. 
The spectrophotometric study using MB and toluidine 
blue developed by Ziółkowska et al. (2017) also used 
titration process for determination of carrageenan. As 
for Dürüst et al. (2011), they used protamine, poly-
L-lysine and poly-L-argine reagents for carrageenan 
detection. In their study, they also produce a low LOD, 
but the reagent used is quite costly. Although our work 
can detect higher concentration of carrageenan, but 
basically this approach is cheap as compared to Dürüst 
et al. (2011) where they use synthetic amino acid such as 
poly-L-lysine and poly-L-argine. In addition, our work 
can be considered involved a very simple approach. In 
the study by Bartlová et al. (2021), they use titration and 
the determination process involved stirring.
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TABLE 4. Analytical performance of this work with previous spectrophotometric study for carrageenan detection

Reagent Linear range (ppm) LOD (ppm) Reference

Methylene blue 70.0-100.0 38.7 This work

New methylene blue 7.0-100.0 7.0 Bartlová et al. (2021)

Protamine, poly-L-lysine and poly-
L-argine 1.0-40.0 1.0 Dürüst et al. (2011)

Methylene blue and toluidine blue 5.5-44.1 16.6 Ziółkowska et al. (2017)

CONCLUSIONS

A spectrophotometric detection of carrageenan based 
on MB dye was developed. Based on the results, it 
shows that the chemical interaction of carrageenan and 
MB will produce a carrageenan-MB complex that will 
shows two prominent peaks at 565 nm and 664 nm. The 
complex will undergo a color change from light blue to 
bluish purple. In addition, the absorption spectrum of 
the carrageenan-MB complex illustrates a hypsochromic 
shift from 664 nm to 565 nm with an isosbestic point 
at 588 nm. The carrageenan-MB complex shows a good 
reproducibility with RSD value of 1.64-1.94%. Based 
on the t-test, sucrose and glucose are considered not 
interfere with the detection of carrageenan when they 
were analysed separately. When the sucrose and glucose 
were each mix with carragenan, they are considered 
interfered with the intensity of the absorbance at 565 
nm. As a conclusion, MB indicator has demonstrated 
acceptable selectivity towards carrageenan. No 
significant interference was found from sucrose and 
glucose species.
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