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1 Introduction
Microalgae can naturally accumulate considerable amounts of 

protein, pigment, fatty acids, vitamins, antibiotics, hydrocarbons, 
polysaccharides and many other metabolites in the cell. For this 
reason, they have been investigated due to their functional properties 
for more than 100 years. Commercial interest in algal biomass 
and their metabolites such as proteins, lipids, starch, glycerol, 
natural pigments and biopolymers is continuously increasing. 
Most of the algae are capable of producing commercially valuable 
compounds such as vitamins or pigments at high amounts. 
For this reason, microalgae have become one of the most studied 
biological materials. Carotenoids are oil-soluble molecules that 
can be produced only by phytoplankton, algae, plants and a 
limited number of fungi and bacteria (Baysal & Ersus, 1999; 
Horrobin, 1999). In plants and algae, carotenoids together 
with chlorophyll and other pigments have a vital importance 
in photosynthetic processes.

Color is one of the most important characteristics of foods, 
being considered as a quality indicator that determines their 
acceptance (Azeredo, 2009; Chranioti et al., 2015). The synthetic 
colorants have been widely applied for coloring purposes of food 
products, however, their use is a controversial issue in the food 
industry due to their toxicological potential on human health 
(Mizutani, 2009). Microalgae are recognized as an excellent 
source of natural colorings and it is expected that they will 
surpass synthetics as well as other natural sources due to their 
sustainability of production and renewable nature (Dufossé et al., 
2005). There are some attempts to incorporate the different 

food products such as pasta (Fradique  et  al., 2010), biscuits 
(Gouveia et al., 2007), puddings/gelled desserts (Batista et al., 
2008), mayonnaises/salad dressings (Gouveia  et  al., 2006), 
chewing gum (Palabiyik et al., 2018) and bread (Graça et al., 
2018) with micoralgae for different purposes. All of the studies 
indicated that usage of microlagae in food producs has been 
promising issue in the industry.

P. cruentum (Figure 1) is a natural red microalgae species 
and has protein content of 28-39%, carbohydrate content of 
40‑57%, and total lipids between 9-14% of dry weight. Containing 
tocopherol, vitamin K and large amounts of carotenoids (Becker, 
1994), P. cruentum could be a healthy candidate for natural red 
colorant in foods, and also the algae contains significant amounts 
of tocopherol and both eicopentanoic acid (EPA) and arachidonic 
acid (AA), which can be used for human and animal nutrition 
(Durmaz et al., 2007).

Spray drying, freeze drying and drum drying can be mentioned 
as the main techniques that can be used for microalgae biomass 
drying. Spray dried powder has got a standardized particle 
size making a treatment of grinding unnecessary. Each droplet 
is in contact with drying steam for such a short time making 
it suitable for drying compounds such as pigments which are 
sensitive to heat (Olafsson, 2013). However, the process stability 
of the pigment level is also important.

In the present study, usage possibilities of spray dried 
microalgae biomass was used in the formulation of a chewing 
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Abstract
In this study, usage possibility of the dried Porphyridium cruentum type microalga biomass in the chewing gum formulation 
as a natural colorant was investigated. For this aim, the effect of different spray dryer inlet temperatures (150-200 °C) on 
pigment (total carotenoid and chlorophyll-a) quantities and color properties (L*, a*, b* and C*) of Porphyridium cruentum type 
microalga biomass were examined. P. cruentum were cultured using the tubular photobioreactor and harvested by centrifugation. 
The dried microalga was then added to chewing gum at different concentrations (0.5% and 1.0% w:w) as a natural red colorant. 
The amount of the total carotenoids in dried biomass ranged from 112.6 to 419.9 μg g-1 and chlorophyll-a from 511 to 1513 μg g-1. 
Considering sensorial analysis, algal taste increased with increasing microalga concentration (p < 0.05). The studied factors 
had no significant effect on cohesiveness, (0.186-0.254), springiness (0.713-0.806) and resilience (0.014-0.015) parameters in 
chewing gums (p < 0.05). However, a* value in chewing gum samples increased with drying temperature and usage amount 
(from 10.5 to 18.7) which increased red color intensity. According to the findings of the present study, it can be concluded that 
P. cruentum biomass had a potential use in chewing gum matrix.
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Practical Application: Microalgae can be used in food products for improving both functional and color characteristics.
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gum as a natural colorant agent. Chewing gum typically 
includes sugar, polyols, gum base, aroma, acidulants, colors and 
sweeteners (Valduga et al., 2012). General production process 
of the chewing gum is composed of heating of the gum base 
to 70-120 °C depending on the chewing gum type, mixing 
of plasticizer and emulsifier with heated gum base, kneading 
after addition of sugar and colorants, addition of antioxidants, 
humectants and fillers and then mixing, which is followed by 
extruding and cutting process (Konar et al., 2016). In previous 
study, Isochrysis galbana and Nannochloropsis oculata microalgae 
biomass were used in the chewing gum formulation to improve 
green color of the products (Palabiyik  et  al., 2018). In the 
previous study, the mentioned microalgae biomass was added 
for providing green color; however, in this research, P. cruentum 
was used for red color.

The present study is composed of two parts. Firstly, the 
effects of spray drying inlet temperature on the pigment (total 
carotenoid and chlorophyll-a) amounts and color properties of 
P. cruentum microalga biomass were investigated. Then, these 
biomasses were added to chewing gum formulation at different 
concentrations to study the effects on the color, texture and 
sensory properties of the chewing gum samples.

2 Materials and methods
2.1 Microalgae cultures and culture conditions

Porphyridium cruentum was obtained from the Microalgal 
Biotechnology Laboratory at Ben-Gurion University, Israel. Culture 
was kept illuminated with halogen lamp (Philips Halogen lamp 
500W E40 38x215mm) in this study. Illumination was measured 
as 200 μmol m-2s-1 light intensity. These lamps were placed into 
glass tubes system to avoid heating in the vicinity of the reactor. 
Culture medium (F/2 medium (Guillard & Ryther, 1962) was 
added 1 mL per liter daily. All cultures were maintained at 3.5% 
salinity and temperature of 20 ± 1 °C under 24 h light regime. 
The tubular photobioreactor was inoculated and operated in 
batch mode for 11 days.

2.2 Growing and harvesting of microalga

The experiments were performed in a tubular photobioreactor. 
The tubular photobioreactor was wound on a rigid vertical 
structure, 2 m in length, 0.5 m width and 1.6 m height and was 
divided into two parts; a tubular illumination receiver with a 
degasser and a cooler tank. Tubular tube system was positioned 
in a fence-like structure made of transparent Plexiglas tubes 
and consisted of 125 m total length with an internal diameter of 
4.6 cm and 0.2 cm wall thickness. The degasser and cooler tank 
was used for mixing, degassing and heat exchange of culture 
medium. The pH control unit was set at 7.5 and automatically 
injection of pure industrial-grade CO2 gas at 5 L min−1.

It is not possible to completely sterilize the tubular bioreactor, 
but in this study, the tubular photobioreactor was disinfected by 
using sodium hypochlorite overnight and neutralized for 2 h with 
sodium thiosulfate. While preparing the tubular photobioreactor 
for microalga culture, marine water was sterilized by passing 
through 0.02 μm filtration system and also sterilized marine water 
was used for addition during the harvest period of the system.

Daily culture volume was taken from the culture of tubular 
photobioreactor system according to dilution ratio. The biomass 
was harvested and concentrated with disc separator (GEA 
Westfalia Separator, Germany).

2.3 Spray drying

Spray drying process was performed in a laboratory scale 
spray dryer (Buchi B290, Huddersfield, England), with a nozzle 
atomization system with 1.0 µm diameter nozzle. The separated 
algae biomasses were fed into the main chamber through a 
peristaltic pump and the feed flow rate was controlled by the 
pump speed. Compressor air pressure was set to 0.04 MPa. 
Inlet air temperature were adjusted to 150 °C, 160 °C, 170 °C, 
180 °C, 190 °C and 200 °C. Feed flow rate was 12 ± 2 mL/min. 
Each drying was performed in triplicate.

Figure 1. Microscopic images of Porphyridum cruentum.
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2.4 Determination of pigment contents of dried microalgae 
biomass

Analysis of pigments of samples was performed according to 
Gouveia et al. (1997). Total carotenoid and chlorophyll-a content 
of the samples were determined spectrophotometrically after 
extraction with methanol. 10 mg sample mixed with 5 ml methanol 
and the mixture was centrifuged for 10 min at 3500 rpm. After 
that these samples were read in 475 nm and 665 nm wavelength 
on the spectrophotometer (Jenway 6305 model). A calibration 
curve was made using the absorbance values in 5 ml methanol 
solution which has 0.16, 1.63, 2.04, 3.27 and 4.09 mg g-1 β-carotene 
to determine the quantity of total carotenoid. Total chlorophyll 
concentration was measured at 665 nm and its quantity was 
calculated using a specific absorption coefficient of 13.9 (Qiang 
& Richmond, 1994).

2.5 Preparation of chewing gum samples

Chewing gum base (Maykim, Turkey) was heated to 70 °C 
in an oven and taken out from the oven for the addition of 
ingredients. Firstly, microalga was mixed with glucose syrup. 
Then, microalga (0.5% or 1%) and glucose syrup (20%), powdered 
sugar (53% or 52.5%), glycerin (1%), lecithin (0.25%) and sorbitol 
(0.25%) were added to gum base (25%) and mixed for 5 min. 
In order to ease mixing, the blend was put in the oven at 70 °C 
for 5 minutes again, taken out and mixed 10 minutes to obtain 
homogeneous mixture. 1 gr of samples was formed from the 
mixture, molded and stored at room temperature in cap tight 
containers prior to analysis.

2.6 Determination of color properties of dried microalga 
biomasses and chewing gum samples

Color parameters of spray dried microalga biomasses 
and produced chewing gum samples were determined using 
colorimeter (Chroma Meter CR-400, Konica Minolta, Japan). 
Chroma (C*) values were calculated using the following Equation 1 
(Periche et al., 2015).

2 2*   *  *C a b= + 	 (1)

2.7 Texture analysis of chewing gum samples

Textural properties of the samples were determined using 
texture analyzer (TA.HD Plus, Stable Micro systems, Surrey, 
UK) equipped with 5 kg load cell. TPA test was conducted 
to determine textural properties of chewing gums. P/2 probe 
(2 mm diameter) was used for the analysis. Pre-test, test and 
post-test speeds were adjusted to 1mm/s, 5mm/s and 5mm/s, 
respectively. The samples were compressed twice 1 cm inside 
the samples to calculate textural parameters.

2.8 Sensory properties of chewing gum samples

Sensory parameters (appearance, chewiness, adhesiveness, 
algal taste, overall acceptability) of the samples were evaluated 
by ten panelists. Experienced panelists evaluated the effects of 
addition of different algae sources dried at different temperatures 
on sensory characteristics of chewing gum samples and consumed 

water and crackers between assessments. Responses were recorded 
using a hedonic scale where the trained panelists scored from 
1 to 5 for the corresponding attributes.

2.9 Statistical analyses

ANOVA was conducted using MINITAB-16 to determine 
statistically significant effects of the spray drying inlet temperatures 
and using different concentrations of spray dried biomass on 
sensory, texture and color properties of chewing gum samples 
(p < 0.05). Significant differences were determined by using 
Tukey test.

3 Results
3.1 Effect of spray dried inlet temperature on pigment 
content and color of microalga

General techniques for drying are spray dryer and freeze 
dryer. Freeze drying is a more common method for microalga 
biomass. However, special preservation conditions and high 
costs for industrial production are disadvantageous for this 
technique. In this study, total carotenoid, chlorophyll-a and color 
characteristics (L*, a*, b* and C*) of dried biomass obtained 
from different inlet temperature (150-200 °C) applications were 
investigated (Table 1).

The amount of carotenoid in dried biomass of P. cruentum 
was determined as 112.6-415.9 µg g-1 in dry biomass. The total 
amounts of chlorophyll-a varied from 511 to 1513 µg g-1 dry 
biomass. The effect of spray dryer inlet temperature on the 
chlorophyll-a, as well as on the total carotenoid amount was 
significant (p < 0.05). The temperature application above 180 °C 
showed a dramatic decrease in the total amount of carotenoids, 
a similar change was observed for chlorophyll-a over 190 °C. 
Based on both pigment types, it can be stated that application 
of the inlet temperature of the spray dryer between 170 °C and 
180 °C was more advantageous for P. cruentum dried biomass.

The color parameters L* (brightness), a* (red-green), 
b* (yellow-blue) and C* (chroma) of microalga biomass dried at 
different temperatures were determined (Table 1). Spray dryer 
inlet temperature differences did not cause significant difference 
on a* and C* parameters, but the effects on L* and b* values were 
significant (p < 0.05). L* values increased with inlet temperature 
increase, therefore, brighter biomass was obtained. The change 
in b* values was not correlated with temperature differences, 
but was generally determined to be in the blue zone (-b*) with 
near neutrality. a* values varied in a narrow range in the red 
region (29.2-33.4).

3.2 Texture of chewing gum samples

Hardness, adhesiveness, cohesiveness, springiness, chewiness 
and resilience properties of the chewing gum samples containing 
P. cruentum microalga dried at different spray dryer inlet 
temperatures were investigated using texture profile analysis (TPA) 
(Table 2). The main quality parameters of gum include textural 
properties. Hardness, adhesiveness, springiness, cohesiveness, 
chewiness and resilience value of the chewing gum colored with 
0.5% biomass were found to between 710-909 g, 14.6‑41.7 g.s, 
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0.713-0.806, 0.186-0.254, 120-142 g and 0.014-0.015, respective 
and those were 584-764 g, 10.3-32.4 g.s., 0.716-0.779, 0.186‑0.224, 
84-132 g and 0.014-0.015 for the samples including biomass at 
1.0%. The low values (84.3-141.5 g) were found for chewiness 
in all chewing gum samples containing microalga. This could be 
regarded as a positive result, due to the lower energy requirement 
during chewing, which can be also proved by low hardness values.

Cohesiveness values were determined at low levels in the all 
samples (0.186-0.254). This could be regarded as an indication 
that the internal bonds that made up the samples had low forces. 
This could cause fast release of bioactive compounds present in 
chewing gums which might positively increase bioavailability, 
improving functional properties during the oral process. However, 
the possibility of fast/short release of aroma compounds is a 
disadvantage. Because the consumer expectancy in gum is an 
aroma release spread over the chewing process.

3.3 Color properties of chewing gum samples

The color parameters of L*, a*, b* and C* were determined in 
the chewing gum samples including P. cruentum dried biomass 
(Figure 2 and Table 3). L*, a*, b* and C* values changed between 
56.55-61.35, 10.51-14.99, 3.54-7.50 and 12.52-15.41, respectively 
for the chewing gum samples prepared with 0.5 of biomass. 
Regarding the samples including microalga at 1.0%, those values 
were found to between 49.52-54.52, 15.79-18.77, 0.79-3.09 and 

16.09-18.81, respectively. Concerning L* values, biomass 
concentration and spray dryer inlet temperature significantly 
affected brightness, and especially the brightness decreased 
with increasing microalga concentration for all temperature 
values (p < 0.05). a* value increased with temperature and 
concentration in general (p < 0.05). It can be stated that both 
factors provided more intense red color formation in chewing gum 
samples. b* values significantly decreased with temperature and 
concentration increase (from 7.5 to 0.8, p < 0.05). This positively 
resulted in obtaining a purer red color.

3.4 Sensory properties of chewing gum samples

Sensorial properties of appearance, chewiness, adhesiveness, 
algal taste and overall acceptability of chewing gum samples 
containing 0.5 g/100 g and 1.0 g/100 g P. cruentum biomass dried 
at different spray dryer inlet temperatures were shown in Table 4.

There was no significant difference between the sensorial 
properties except algal taste in the all samples prepared 
using P. cruentum (p > 0.05). Along with the increase in the 
usage amount of P. cruentum, the algal taste of chewing gum 
samples was more felt. These differences in instrumental color 
measurements of chewing gum samples, sensorial appearance 
differences were not significant (p > 0.05). Also the difference 
between adhesiveness and chewiness values determined by TPA 
was not determined by sensorial properties. This might be due 

Table 1. Pigment content, drying efficiency and color properties of spray dried Porphyridium cruentum.

Drying Temp. (°C) Carotenoid
(μg g-1*)

Chlorophyll-a
(μg g-1*) L* a* b* C*

150 396.2 ± 54.9a 1029 ± 255ab 47.6 ± 0.2c 32.0 ± 1.0a -4.6 ± 0.5bc 32.4 ± 0.9a

160 375.9 ± 14.8a 1307 ± 374a 47.9 ± 0.4bc 30.2 ± 0.8a -2.8 ± 0.1a 30.3 ± 0.8a

170 399.1 ± 11.5a 1500 ± 434a 47.2 ± 0.6c 30.7 ± 2.8a -5.1 ± 0.5c 31.1 ± 2.7a

180 415.9 ± 17.9a 1513 ± 62a 49.2 ± 1.9bc 29.2 ± 3.1a -3.1 ± 0.2a 29.4 ± 3.0a

190 196.6 ± 62.6b 1257 ± 44a 50.5 ± 0.2ab 31.0 ± 0.4a -3.4 ± 0.8ab 31.2 ± 0.3a

200 112.6 ± 43.5b 511 ± 63b 52.8 ± 1.4a 33.4 ± 3.9a -4.4 ± 0.3bc 33.7 ± 3.8a

*dry bases; Different superscript lowercase letters show the significant differences between the samples (P < 0.05); L*: brightness; a*: ± red-green; b*: ± yellow-blue; C*: chroma.

Table 2. Textural properties of chewing gum containing Porphyridium cruentum biomass dried under various spray dryer inlet temperatures.

Con.
(%)

Drying T. 
(°C)

Hardness
(g)

Adhesiveness
(g.s) Springiness Cohesiveness Chewiness

(g) Resilience

0.
5 

g/
10

0 
g

150 873 ± 103ab -21.4 ± 2.0ab 0.713 ± 0.059a 0.194 ± 0.022a 120 ± 9abc 0.014 ± 0.000a

160 710 ± 37ab -41.5 ± 6.8c 0.735 ± 0.021a 0.254 ± 0.016a 133 ± 5ab 0.015 ± 0.000a

170 909 ± 111a -14.6 ± 4.9ab 0.779 ± 0.014a 0.186 ± 0.006a 131 ± 14ab 0.014 ± 0.000a

180 758 ± 155ab -30.4 ± 3.2bc 0.806 ± 0.01a 0.237 ± 0.054a 142 ± 5a 0.015 ± 0.000a

190 794 ± 158ab -15.0 ± 2.9ab 0.782 ± 0.017a 0.191 ± 0.036a 121 ± 19abc 0.014 ± 0.001a

200 710 ± 15ab -41.7 ± 16.4c 0.748 ± 0.038a 0.231 ± 0.021a 123 ± 20abc 0.015 ± 0.000a

1.
0 

g/
10

0 
g

150 764 ± 134ab -28.3 ± 5.4abc 0.784 ± 0.05a 0.224 ± 0.046a 132 ± 13ab 0.015 ± 0.001a

160 667 ± 138ab -26.8 ± 4.0abc 0.716 ± 0.04a 0.197 ± 0.011a 94 ± 18bc 0.015 ± 0.000a

170 584 ± 61b -10.3 ± 0.3a 0.733 ± 0.066a 0.197 ± 0.005a 84 ± 14c 0.015 ± 0.001a

180 752 ± 30ab -16.1 ± 8.3ab 0.779 ± 0.014a 0.206 ± 0.015a 121 ± 6abc 0.015 ± 0.001a

190 715 ± 135ab -18.0 ± 6.0ab 0.740 ± 0.028a 0.186 ± 0.014a 97 ± 8bc 0.014 ± 0.001a

200 763 ± 99ab -32.4 ± 1.3bc 0.743 ± 0.031a 0.216 ± 0.005a 123 ± 18abc 0.014 ± 0.001a

Different superscript lowercase letters show the significant differences between the samples including biomass at same concentration (P < 0.05).
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Figure 2. Photograps of chewed/unchewed chewing gums coloured with Porphyridium cruentum spry dried at different temperatures.

Table 3. Color properties of chewing gum containing Porphyridium cruentum biomass dried under various spray dryer inlet temperatures.

Con.
(%)

Drying
T. (°C) L* a* b* C*

0.
5 

g/
10

0 
g

150 61.4 ± 0.9a 10.5 ± 0.4i 7.5 ± 0.2a 12.9 ± 0.4g

160 57.7 ± 0.7bc 11.9 ± 0.3h 4.6 ± 0.3b 12.8 ± 0.3g

170 58.4 ± 0.9ab 12.7 ± 0.3gh 4.0 ± 0.2bc 13.3 ± 0.3g

180 59.6 ± 0.9ab 11.7 ± 0.6hi 4.4 ± 0.2b 12.5 ± 0.6g

190 57.2 ± 0.9bc 13.7 ± 0.4fg 4.4 ± 0.4b 14.4 ± 0.4ef

200 56.6 ± 0.8bc 14.9 ± 0.2ef 3.5 ± 0.2cd 15.4 ± 0.2de

1.
0 

g/
10

0 
g

150 50.7 ± 0.9e 16.6 ± 0.5cd 1.4 ± 0.1f 16.7 ± 0.5bcd

160 54.5 ± 1.4cd 15.8 ± 0.4de 3.1 ± 0.3d 16.1 ± 0.4cd

170 51.3 ± 2.1e 17.8 ± 0.9abc 1.0 ± 0.2f 17.8 ± 0.9ab

180 49.5 ± 0.5e 18.8 ± 0.5a 1.2 ± 0.2f 18.8 ± 0.5a

190 51.9 ± 1.3de 17.3 ± 0.6bc 2.2 ± 0.3e 17.4 ± 0.7abc

200 51.5 ± 1.1de 18.1 ± 0.5ab 0.8 ± 0.2f 18.1 ± 0.5ab

Different superscript lowercase letters show the significant differences between the samples (P < 0.05); L*: brightness; a*: ± red-green; b*: ±yellow-blue: C*: chroma.

Table 4. Sensory properties of chewing gum containing Porphyridium cruentum biomass dried under various spray dryer inlet temperatures.

Con. 
(%)

Drying
T. (°C) Apperance Chewiness Adhesiveness Bitterness

(algal taste)
Overall

Acceptability

0.
5 

g/
10

0 
g

150 4.3 ± 0.4a 4.0 ± 0.7a 4.5 ± 0.5a 5.0 ± 0.0a 4.5 ± 0.5a

160 4.5 ± 0.9a 4.5 ± 0.5a 4.8 ± 0.4a 5.0 ± 0.0a 4.5 ± 0.5a

170 4.8 ± 0.4a 4.3 ± 0.4a 4.5 ± 0.5a 5.0 ± 0.0a 4.8 ± 0.4a

180 4.5 ± 0.9a 4.0 ± 0.7a 4.3 ± 0.4a 4.5 ± 0.4ab 4.5 ± 0.9a

190 5.0 ± 0.0a 4.5 ± 0.5a 4.8 ± 0.4a 5.0 ± 0.0a 4.5 ± 0.9a

200 4.8 ± 0.4a 4.0 ± 0.7a 4.5 ± 0.5a 5.0 ± 0.0a 4.0 ± 0.7a

1.
0 

g/
10

0 
g

150 4.8 ± 0.4a 4.8 ± 0.4a 4.0 ± 0.0a 4.0 ± 0.0b 4.8 ± 0.4a

160 4.8 ± 0.4a 4.3 ± 0.8a 4.0 ± 0.0a 4.0 ± 0.0b 4.3 ± 0.8a

170 4.8 ± 0.4a 4.8 ± 0.4a 4.5 ± 0.5a 4.5 ± 0.5ab 4.5 ± 0.5a

180 4.8 ± 0.4a 4.3 ± 0.4a 4.5 ± 0.5a 4.5 ± 0.5ab 4.0 ± 0.7a

190 4.8 ± 0.4a 3.8 ± 0.4a 4.5 ± 0.5a 4.5 ± 0.5ab 4.0 ± 0.7a

200 4.5 ± 0.5a 4.8 ± 0.4a 4.5 ± 0.5a 4.5 ± 0.5ab 4.8 ± 0.4a

Different superscript lowercase and uppercase letters show the significant differences between the samples (P < 0.05).
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to possible sensitivity differences between sensory analysis and 
the use of TPA technique.

4 Discussion
Spray drying is the most commonly applied method for 

drying of many different compounds used in the food industry. 
However, any study where this method used for drying of 
microalgae was not encountered. Although it is economic and 
very fast method, thermal stress occurred during drying process 
caused reduction in carotenoid content in the microalgal biomass 
(Ryckebosch et al., 2011). The findings found in the literature 
were consistent with this study as chlorophyll-a content of 
P. purpurerum was found between 506.7 and 1913.3 µg g-1 and 
those were between 136.0 and 396.7 µg g-1 for beta carotene 
content (Coward et al., 2016). In the present study, the highest 
chlorophyll-a content was found to be 1513 µg g-1 and for total 
carotene was 415.9 µg g-1. Carotenoid and chlorophyll-a content 
of the biomass increased with increasing temperature up to 180 ºC 
and higher temperature levels caused to decrease in pigment 
content, indicating that degradation of the pigments might have 
due to sensitivity of those compounds. The studies related with 
usage of the microalgae in the different formulations indicated 
that microalgae can be used in the formulations for improving 
nutritional, functional and sensory properties of the products. 
For this aim, drying procedure should be considered since it 
directly affects the composition of the biomass.

It was observed that concentration of P. cruentum biomass 
and drying conditions did not have significant effects on 
cohesiveness, (0.186-0.254), springiness (0.713-0.806) and 
resilience (0.014-0.015) parameters in the all chewing gum 
samples (p > 0.05). Santos  et  al. (2014) studied the chewing 
gum samples including microcapsules of xylitol and menthol to 
prolong the duration of the cooling sensation. In their obtained 
samples, the hardness (11373-16253 g), chewiness (4972-9354 g), 
cohesiveness (0.80-0.86) and springiness (0.53-0.67) were measured. 
Springiness values of the samples containing P. cruentum biomass 
were found to be consistent with those of that study. However, 
hardness, chewiness and cohesiveness were found at lower 
levels. Concerning hardness values, it was determined that only 
chewing gums containing P. cruentum biomass dried at 170 °C 
differed from the other chewing gums (p < 0.05). In general, 
chewiness values decreased with the increase in concentration 
of biomass dried at the same temperature. This suggested that 
addition of algal biomass had an effect on chewiness and structural 
properties of chewing gum. However, significant differences in 
adhesiveness values (p < 0.05) were not associated with the algal 
biomass concentration and the spray dryer inlet temperature.

As a result of the texture data, it could be stated that 
P. cruentum biomass could be used as a colorant in the chewing 
gum. Nevertheless, it was also possible to modify the textural 
properties of chewing gums containing the microalga biomass 
by composition optimization including the components such as 
elastomer (Potineni & Peterson, 2008), aroma carrier solvents 
(Baek  et  al., 1999), texturizers or fillers (Raithore, 2012) or 
emulsifiers (Estruch, 2008). Studies have shown that there is 
an effect of texture on the release and perception of aroma in 
foods and model systems (Raithore, 2012). Partitioning of flavor 

compounds is affected by the composition of food, and the 
resistance to mass transfer by its texture. However, although these 
important relationships between textures and various quality 
parameters exist, the number of studies examining chewing gum 
samples using the TPA technique is limited. In this work, it was 
aimed to obtain chewing gum with red color which can allow the 
use of flavors associated with fruits and blends in chewing gums 
(Hearty et al., 2014). The number of studies in which the color 
qualities of gum samples were determined by using instrumental 
techniques was very limited. Color parameters of the chewing 
gum were also generally affected by microalgae concentration 
and drying temperature of the microalgae. Such result was 
expected when considering the influence of drying process 
on the pigment composition and color properties of the dried 
biomass. Lightness of the chewing gum decreased with increase 
in concentration of biomass in the formulation. One of the main 
advantage of the microalgae usage in the chewing gum is that as 
can be seen from Figure 2, the color of the chewed and unchewed 
samples was very similar to each other, indicating stability of 
the coloring pigments present in dried microalgae biomass in 
chewing gum matrix during chewing process. However, the 
color of the commercial chewing gums disappear in short times 
as a result of chewing.

Along with the increase in the usage amount of P. cruentum, 
the algal taste of chewing gum samples were more felt. This showed 
the need to determine the optimum level of usage to improve 
the color effect as well as the taste and functional properties of 
the products prepared with the bioactive components. Because 
consumers generally prefer food properties that are closest to 
conventional forms in functional foods (Konar et al., 2016).

It was demonstrated that P. cruentum algal biomass can be 
successfully used to give red color to chewing gums. Obtaining 
of stable coloring is an important innovation for these type 
of products. Also sensorial properties could not be affected 
significantly when concentration of microalga was optimized. 
In addition, it will be useful to study color stability under different 
storage conditions with further future work.

5 Conclusions
In this study, color properties of spray dried Porphyridium cruentum 

microalga species and the possibility of its use in chewing gum 
sample to give red color were investigated. With the increase in 
spray dryer inlet temperature total carotenoid and chlorophyll-a 
amount decreased significantly (p < 0.05). However, this caused 
increase in L* value, and other color parameters (a*, b* and C*) 
were not affected in microalga biomass. Textural parameters 
were not affected by the usage level of microalga biomass except 
chewiness. Increase in concentration of microalga biomass in 
chewing gum decreased chewiness values (p < 0.05). Color of 
the chewing gum samples were significantly changed by the 
drying conditions and concentration of P. cruentum which 
showed that desired color in chewing gum can be achieved by 
optimization of the studied factors. The addition of P. cruentum 
biomass to chewing gum is an interesting tool for providing 
nutritional supplementation with biological active compounds 
as antioxidant and fatty acids. However, %1 P. cruentum usage 
caused strange unwanted taste in chewing gums.
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