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Introduction 
 

Food colorant is a food additive which gives the respective color to foods and beverages. It is found in 
the form of dye, powder, or liquid and is necessary to be included as one of the additives in commercial food 
products to impart color to the food, to compensate the color loss during the process, to enhance the naturally 
occurring color of food products, and to ensure the color uniformity within different batches of same products 
(Amchova et al., 2015). Food colorants can be derived from natural sources or synthetically made (Zahra et 
al., 2015). In fact, most of food industry tend to choose synthetic colorants instead of natural since they are 
cost-effective with higher stability and tinctorial power as compared to the latter when they are incorporated 

Abstract 
 
The study was conducted to determine the suitability of carotenoid and chlorophyll 

pigments of the freshwater microalgae, Scenedesmus sp. as natural cake colorants to replace 
synthetic ones. First, the pigments were extracted from microalgal powder to be used in evaluating 
its concentration and also its antioxidant activities by DPPH assay. The microalgal powder and 
synthetic colorant were incorporated into two different cakes. Both cakes were used to perform 
color analysis and sensory test to assess the consumer acceptance towards the enhanced 
microalgal butter cake. The results showed microalgal powder contained 4.16 ± 0.012 mg/g of 
chlorophyll a, 3.30 ± 0.005 mg/g of chlorophyll b, and 0.40 ± 0.003 mg/g of carotenoids. Screening 
of antioxidant activities through DPPH assay showed lower antioxidant activities (10.93 ± 0.59 %) 
of the microalgal extract than commercial antioxidant (51.79 ±14.2%). However, the color analysis 
proved that microalgal powder provided a more intense (p<0.05) green coloration (>L*: -a*: >b*) 
to the cake as compared to synthetic colorant. Sensory test also depicted no significant difference 
(p>0.05) on the preference by the panelists between a normal cake with synthetic color or cake 
with microalgal powder as a colorant. The result of this study revealed a good potential of using 
microalgal powder as colorant for cake and pastry preparation. 
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in foods (Oplatowska-Stachowiak & Elliott, 2015). However, the use of synthetic colorant in commercial food 
is controversial due to the possible hazardous effect that cannot be underestimated. Previous studies have 
shown that toxic substances might be generated from the reaction between the food and synthetic colorant 
which triggered allergic reactions, inflammation, or even cancer in certain people (Bachalla, 2016). It was also 
reported that synthetic colorant may cause toxicological effect in humans after long-term use (Ghany, 2015). 

 
Considering the negative implication promoted by uncontrolled consumption of synthetic colorant, the 

use of natural colorant as a substitute is encouraged since it has less negative effect  on human health and 
the environment (Ghany, 2015). Natural colorant can be derived from plants, microorganisms, and also algae. 
In the past decade, different species of microalgae became the alternative sources of natural colorants due 
to the pigments present such as chlorophyll, carotenoids, and phycobiliproteins (Gouveia et al., 2008). The 
microalgae-based food  has been used to enhance palatability, nutritional properties, as well as storage 
stability (Gutierrez, 2014). Aside from being a colorant to food, these pigments possess anti-carcinogenic, anti-
inflammatory, anti-fungal, antioxidant, and anticancer properties (Kuczynska et al., 2015). The antioxidant 
activities of pigments might also help in reducing the lipid oxidation in food products (Akbarirad et al., 2016). 
A previous study showed that microalgae are more appropriately used in pigment extraction since it is easier 
for largescale production of microalgal biomass and the pigments are derived from a renewable and 
sustainable source (Ornelas-Soto et al., 2020).  Therefore, this study was conducted to investigate the 
suitability of using carotenoids and chlorophyll pigments derived from Scenedesmus sp. powder as a natural 
colorant to replace the use of synthetic ones.  
 
 

Materials and Methods  
 

Pigment Extraction and Quantification 

 
The extraction method was adapted from Ishaq et al.  (2015) with some modification. In this method, 

0.75 g microalgal powder was put in a test tube and added with 2 ml to 3 ml of 100% aqueous acetone 
solution. Next, the solution was macerated using Teflon grinder for five minutes. The sample was then 
transferred to a screw-cap centrifuge tube while the remaining solution was rinsed with a few millilitres of 
100% aqueous acetone and added with the rest of the extraction slurry. Next, 100% aqueous acetone was 
added until the total volume of the solution reached 10 ml. The samples were then steeped for 2 hours at 4 
degree Celsius inside the dark room. After that, centrifugation was done in closed tubes for 20 minutes at 
3000 rpm to clear the solution. The clarified extract was put into a clean, calibrated, 15-ml screw-cap 
centrifuge tube before quantification. Dilution was made on the extract with a dilution factor of 10-1. The 
diluted extract was measure using UV-Visible spectrophotometer (T60U, PG Instruments, UK) at the 
appropriate wavelength and pigment concentration was quantified accordingly (Table 1). 
 
Table 1 
 
Empirical Formulae for the Quantification of Microalgal Pigments (Dere et al., 1998) 
 

Type of pigments Formulae (mg/L) 

Cchlorophyll-a (Ca) 

Cchlorophyll-b (Cb) 

Ccarotenoids (Cx+c) 

11.75∙A662 – 2.35∙A645                                (1) 

18.61∙A645 – 3.96∙A662                                (2) 

(1000∙A470 – 2.270∙Ca – 81.4∙Cb)/227         (3) 
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2,2-Diphenyl-1-picrylhydrazyl (DPPH) Assay  
 

The DPPH assay was performed based on a procedure as described previously (Katalinic et al., 2006) 
with some modification. The sample extract was prepared at a concentration of 1 mg/ml through dilution of 
extract using acetone. Next, 77 µl of diluted sample extract was mixed with 3 ml of 6 x 10-5 M methanolic 
DPPH solution in the test tube and allowed to stand for 15 minutes at room temperature inside the dark 
room. The mixture was then transferred to a cuvette and the absorbance value was taken at 515 nm using 
UV-visible spectrophotometer (T60U, PG Instruments, UK). The absorbance value of methanolic DPPH 
solution without sample extract served as control. All the tests were performed in triplicate. The result was 
expressed in percentage inhibition (I%) which was calculated using the following equation (Uma et al., 2011): 

 

   I% = 
Abs (control)-Abs (sample)

Abs (control)
 × 100    (4) 

Where: 
Abs (control) = absorbance value of the control (methanolic DPPH solution)  
Abs (sample) = absorbance value of sample. 
 

Preparation of Butter Cake  
 

The method of making butter cake was adapted from Marina et al. (2016) with slight modification. 
The ingredients required were cake flour (110 g), self-rising flour (110 g), baking powder (3 g), butter (150 g), 
whole eggs (150 g), sugar (100 g), and milk (125 ml). The mixture was prepared by creaming butter with sugar 
with an electric mixer (MK-GB1WTZ, Panasonic, Japan) for 8 minutes. Then, the rest of the wet ingredients 
were added slowly under constant mixing. The other dry ingredients were also added while creaming on 
medium. Next, 3.0 g of synthetic food coloring powder was added to the batter and mixed well. The batter 
was poured into cake pans and baked in the electric oven (EEO-A2815(SV), Elba, Malaysia) for approximately 
45 minutes at 180 degree Celsius. The procedure was repeated this time adding the microalgal powder to 
replace the synthetic food coloring powder as food colorant during mixing. 

Color Analysis of the Butter Cake 
 

The color of cake from each sample were evaluated using a color spectrophotometer (EZ 4500L, 
HunterLab, USA) (Hafez, 2012). Standardization and calibration were done before using the instrument. The 
cake sample were taken from the center of each cake and put inside the petri dish. The readings were taken 
and tabulated. The parameters used to evaluate color was L (lightness), a (greenness and redness), and b 
(yellowness and blueness). 

Sensory Test 
 

 The affective test was carried out to indicate consumer acceptance towards the enhanced microalgal 
butter cake (Singh-Ackbarali & Maharaj, 2014). In this test, the panelists involved were 75 students from 
Universiti Tun Hussein Onn Malaysia. Enhanced microalgal butter cake and ordinary butter cake were used 
as samples. The samples were labelled with three-digit code before presenting to the panelists. Acceptance 
test was carried out using a hedonic scale from 1–9 to evaluate the degree of liking towards the color, aroma, 
taste, texture, and overall acceptability of both cakes. The 9-point hedonic scale represents: 9 – like very 
much; 8 – like much; 7 – like moderately; 6 – like slightly; 5 – neither like nor dislike; 4 – dislike slightly; 3 – 
dislike moderately; 2 – dislike much; 1 – dislike very much. The data collected  were analyzed using t-tests on 
means for two different samples (Lawless & Heymann, 2010). T-tests were done to compare the results of 
acceptance test of both cakes, with significant difference at p<0.05. 
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Statistical Analysis 
 
Three replicates were required for all measurements to be used in statistical analysis (except for 

sensory test with n=75), and the values were reported as mean ± the standard deviation (SD) (n=3). The 
obtained data were analyzed using t-tests. Statistical analysis was performed using Microsoft Office Excel 
2013. 

 
 

Results and Discussion 
 

  Solvent extraction with mechanical disruption were used to isolate the carotenoids and chlorophyll 
pigments from the Scenedesmus sp. powder as this species may contain rigid cell walls which are highly 
resistant to disruption (Kendir & Ugurlu, 2018). The use of mechanical grinding (using tissue grinder) enables 
the cell wall to be fully disrupted in order to release the pigments from microalgal powder as well as improve 
the extraction efficiency and the amount of extracted pigments (Baldev et al., 2014). Freeze-dried form of 
microalgal powder was used in the extraction since it may improve the recovery of polar and non-polar 
pigments as well as prevent the degradation of chlorophyll to form chlorophyll derivatives like pheopigment 
due to the presence of chlorophyllase and the presence of water (Safafar et al., 2015). Absolute (100%) 
acetone was used in extraction to prevent product degradation (Hosikian et al., 2010). Scenedesmus sp. 
possessed a higher amount of chlorophyll pigments than carotenoids, which gave the green appearance to 
the microalgae itself (Table 2). Moreover, these highly valuable metabolites help to prevent oxidation, 
microbial growth, and also act as coloring agent in certain food (Ishaq et al., 2016). 

 
 

Table 2 
 
Concentration of Chlorophylls and Carotenoids in Scenedesmus sp. 

 

Type of pigment Concentration (mg/g) 

Chlorophyll a 

Chlorophyll b 

Carotenoids 

4.16 ± 0.012 

3.30 ± 0.005 

0.40 ± 0.003 

                Values are presented as mean ± standard deviation. 
 

DPPH assay is used to evaluate the sample capacity to scavenge free radicals since the presence of 
antioxidant compound in the sample may reduce the DPPH radical in methanolic solution, causing color 
change from violet to yellow (Abdelazim et al., 2013). This assay can determine the antioxidant capacity which 
involves single electron transfer (SET) mechanism and hydrogen atom transfer (HAT) mechanism (Liang & 
Kitts, 2014).  
 

The microalgal extract (1 mg/ml) exerted a percentage inhibition of 10.93 ± 0.59 %, which was 
considered low in terms of antioxidant capacity. Although the microalgal pigments might contribute to the 
antioxidant activity, these pigments were added in a very low amount (Table 2). Thus, they may not have 
served efficiently in promoting antioxidant activity. Likewise, the green color of the extract may have possibly 
cause interference to DPPH absorption which affected the accuracy of measured antioxidant activity (Liang & 
Kitts, 2014). In fact, previous study also showed that natural chlorophyll a and chlorophyll b depicted lower 
antioxidant activity (Mishra et al., 2011). 

 
The result of the sensory test showed that majority of consumers prefer natural coloring agents due 

to the potential toxic, carcinogenic, and mutagenic effect of using synthetic colorant to humans (Amchova et 
al., 2015). There was enough evidences proving that certain valuable bioactive compounds in Scenedesmus 
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sp. can be utilized as food colorants in food products, for instance, beta carotene and chlorophylls (Ishaq et 
al., 2016). In a color analysis, the L* indicates lightness, a* represents redness (positive a* value) and 
greenness (negative a* value), while b* indicates yellowness (positive b* value) and blueness (negative b* 
value). The color of cakes was affected by the types of colorant used. The microalgal cake was significantly 
(p<0.05) different from the synthetic cake coloring for its lightness, greenness, and yellowness. The butter 
cake with microalgal powder as colorant provided a darker and greener color than the butter cake with 
synthetic food color since microalgal cake had lower L* and -a* value (Table 3). The microalgal powder was 
naturally dark green in color, contributing to the greener coloration of the cake. Besides, oxidation of 
microalgal pigments, browning reaction due to caramelization of sucrose, as well as Maillard reaction that 
happened during baking may have increased the intensity of color in the microalgal cake preparation 
(Ghanbari & Habibi, 2015; Mohamad et al., 2015). In short, it was inferred that the microalgal powder could 
really be used as a natural colorant to food products and it gave a greener appearance to the cake in a natural 
way as compared to the synthetic food color. 

 
 

Table 3 
 
L*, a* and b* Value of the Butter Cakes 

 

Color Butter cake with microalgae powder Butter cake with synthetic food color 

L* 

a* 

b* 

52.36 ± 0.44 

-1.53 ± 0.06 

30.63 ± 0.41 

62.03 ± 0.68 

0.03 ± 0.06 

34.44 ± 0.08 

  Values are presented as mean ± standard deviation. 
 

An acceptance test was performed on 75 panelists among the students of Universiti Tun Hussein Onn 
Malaysia to determine the degree of liking over the enhanced butter cake added with microalgal powder and 
control butter cake added with synthetic colorant for its color, aroma, flavor, texture, and overall acceptability. 
According to the panelists, the aroma and overall acceptability of the butter cake with microalgal powder 
were comparable to the butter cake with synthetic colorant (Table 4). The addition of microalgal powder 
enhanced the appearance by giving the butter cake a dark green color, as well as the flavor of the cake since 
it gave a matcha-like taste to the cake. Furthermore, the butter cake with microalgal powder was moister than 
the butter cake with synthetic colorant. This also gave the microalgal cake a softer texture as compared to 
normal butter cake. Overall, there was no significant difference (p<0.05) between the color, aroma, taste, 
texture, and overall acceptability of butter cake with microalgal powder and normal butter cake (Table 4). 
Thus, we could infer that both cakes were well accepted by the consumers. 
 
 Identification of synthetic food colors adulteration by paper chromatography and spectrophotometric 
methods. Sensory score of butter cake with microalgal powder and butter cake with synthetic colorant 
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Table 4 
 
Sensory Score of Butter Cake with Microalgal Powder and Butter Cake with Synthetic Colorant 
 

 

Attributes Butter Cake with Microalgal Powder Butter Cake with Synthetic colorant 

Color 

Aroma 

Flavor 

Texture 

Overall acceptability 

6.72 ± 1.48 

6.41 ± 1.63 

6.91 ± 1.50 

6.99 ± 1.61 

7.20 ± 1.51 

6.32 ± 1.70 

6.83 ± 1.42 

6.79 ± 1.53 

6.95 ± 1.58 

7.29 ± 1.39 

              Values are presented as mean ± standard deviation. 
 
 

Conclusion 
 
The results indicated that Scenedesmus sp. could be used as natural colorants to food products since 

it possessed chlorophyll and carotenoids pigments. Besides, the microalgal powder provided more intense 
coloration and a moister and softer texture to the cake. In addition, the microalgal powder showed 
antioxidant activity in DPPH assay although the percentage inhibition was considered lower compared to the 
synthetic antioxidant. Furthermore, the sensory test revealed that the butter cake with microalgal powder 
was accepted by the panelists as much as the ordinary butter cake. Further work is required to determine the 
market price to be appropriated when using microalgal powder as a natural colorant to cakes and pastries 
since it is expected to be more expensive in terms of production than synthetic food color. 
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