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Abstract Chlorophyll-a and total carotenoid quantities of
Isochrysis galbana and Nannochloropsis oculata biomass
dried at different inlet temperatures (150–200 °C) using the
spray dryer technique were investigated. The amounts of chlo-
rophyll-a in I. galbana and N. oculata biomass were deter-
mined in the range of 7.775–11.377 mg g−1 and 1.141–
1.836 mg g−1, respectively. Total carotenoids were found as
1.984–3.373 mg g−1 (dry biomass) for I. galbana and 0.378–
0.077 mg g−1 (dry biomass) for N. oculata. Then, these bio-
masses were used at levels of 0.5% and 1% as natural green
colorants in chewing gum, and color, texture, and sensory
properties of chewing gums were investigated. The samples
were identified as khaki or light khaki. L* value of the samples
containing I. galbana species ranged from 42 to 53, a* value
ranged from − 1.3 to − 2.88, b* value ranged from 11.5 to 15,
and C* value ranged from 9.4 to 15.2, while L* values ranged
from 55 to 65, a* value varied from − 0.03 to − 1.7, b* value
varied from 15 to 18.2, and the C* value varied from 15 to
18.2 for N. oculata biomass. The highest cohesiveness value

was found as 0.26 in the samples containing 1% I. galbana
species dried at 180 °C. There were no alga tastes except for
chewing gum containing 1% N. oculata dried at 150 °C.
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Introduction

Chewing gum is a different foodstuff due to its long duration
in the mouth. It is inedible and various components release
during chewing. Bioactive compounds present in the chewing
gum product can be released from the bulk into the saliva and
absorbed by the oral mucosa or metabolized by reaching the
stomach for gastrointestinal absorption. For this reason, re-
leased bioactive compounds might be absorbed by two differ-
ent ways (Konar et al. 2016).

General regulations in many countries and consumer trends
around the world are driving food producers to color foods
with natural ingredients or substances. There is a fairly limited
number of studies on the use and properties of colorants in
chewing gum matrix. Charanioti et al. (2015) examined the
use of saffron and red beet extracts as colorants in chewing
gum after encapsulation with gum arabic and modified starch,
and the coloring performances of these encapsulated extracts
were evaluated positively. Another potential natural coloring
source is microalgae. Microalgae also contain bioactive com-
ponents such as polyunsaturated fatty acids (PUFA) in their
composition, which can be mentioned as another element that
promotes consumer health as well as the coloring effect.

The microalgae are valuable natural products used as ani-
mal and human food sources and for pharmaceuticals and
medicines. In some countries, microalgal biomass is added
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to food products such as noodles to improve the nutrient pro-
file (Huo et al. 1997; Fuentes et al. 2000; Gizberg et al. 2000).
The main source ofω3 fatty acids is marine algae and humans
are unable to synthesizeω3 andω6 fatty acids (Gizberg et al.
2000). Furthermore, microalgae-derived PUFA is added to
artificial baby food (Cohen 1991). Eicosapentaenoic acid
(EPA, 20:5(n–3)) and docosahexaenoic acid (DHA,
22:6(n–3)) have also been reported to have beneficial
effects such as reducing coronary heart disease risk and
blood cholesterol, thus reducing the risk of arteriosclerosis,
inflammation and several carcinomas (Gizberg et al. 2000;
Guil-Guerrero et al. 2001; Otles and Pire 2001; Pulz and
Gross 2004).

Nannochloropsis species (Eustigmatophyta) are an impor-
tant food source for aquatic organisms. The nutritional value
of the microalgae is related to their biochemical composition
and especially to its lipid and fatty acid composition (Sukenik
et al. 1993; Durmaz 2007). They are also a source of EPA that
is an indispensable food chain component for organisms cul-
tured in hatcheries (Lubzens et al. 1995).

The golden-brown flagellate Isochrysis galbana is a rich
source of PUFA, mainly EPA (Molina et al. 1994; Fidalgo
et al. 1998). Its richness in PUFA makes it promising as an
animal and/or human nutraceutical food (Otles and Pire 2001).
Isochrysis galbana synthesizes important bioactive metabo-
lites such as sterols (Volkman et al. 1981), tocopherols
(Fábregas and Herrero 1990), carotenoids (Flynn et al.
1993), and pharmaceuticals (Fábregas et al. 1985).

In the European Union, 46% of consumers prefer mint,
while 24% prefer chewing gum with mint and fruit flavor
(Hearty et al. 2014). Among the colors, most associated with
these aromas is the green color. Therefore, in this study, it was
aimed to investigate pigment (total carotenoid and chloro-
phyll-a) quantity of I. galbana and Nannochloropsis oculata
microalgae biomass dried at different inlet spray dryer tem-
peratures, and the use of these dried algae as a food colorant in
chewing gum and effects on color, texture, and sensory prop-
erties of colored chewing gums.

Materials and methods

Microalgae cultures and culture conditions

Nannochloropsis oculata (Droop) Hibberd (CCAP 849/1) and
Isochrysis galbana Parke (CCAP 927/1) were obtained from
The Culture Collection of Algae and Protozoa (CCAP),
Scotland. Culture was kept illuminated with halogen lamp
(Philips Halogen lamp 400WE40 38 × 215 mm) in this study.
Irradiance was measured on the surface of tube as 200 μmol
photons m−2 s−1. Culture medium (F/2 medium) (Guillard and
Ryther 1962) was added 1 mL per liter daily. All cultures were
maintained at 35‰ salinity and 20 ± 1 °C under 24 h light

regime. The tubular photobioreactor was inoculated and oper-
ated in semi-continuous mode for 11 days.

Growing and harvesting of microalgae

The experiments were performed in a tubular photobioreactor.
The tubular photobioreactor was wound on a rigid vertical struc-
ture, 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 plexiglass 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
were used for mixing, degassing, and heat exchange of culture
medium. The pH control unit was set at 7.5 and automatic injec-
tion of pure industrial-grade CO2 gas at 5 L min−1. The tubular
photobioreactor was disinfected by using sodium hypochlorite
overnight and neutralized for 2 h with sodium thiosulfate. While
preparing the tubular photobioreactor for microalgae culture, ma-
rine water was sterilized by passing through 0.02 μm filtration
system, and also, sterilized marine water was used 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 (GEAWestfalia Separator, Germany).

Spray drying

Spray drying process was performed in a laboratory scale
spray dryer (Buchi B290, England), with a nozzle atomization
system with 1.0 μm diameter nozzle. The separated algal bio-
masses were fed into the main chamber by a peristaltic pump
and the feed flow rate was controlled by the pump rotation
speed. The main parameters important for the spray drying
phase are as follows: inlet air temperature and outlet air tem-
perature. Compressor air pressure was 0.04 MPa. Inlet air
temperatures were 150, 160, 170, 180, 190, and 200 °C, and
outlet air temperature was 95 °C. Feed flow rate was
12 ± 2 mL min−1. Each experiment was performed in
triplicate.

Drying efficiency was determined by using the following
Eq. (1):

Drying efficiency = 100 × [dried alga mass (g) / dry matter
content of alga mass (g)].

Determination of pigment contents of dried microalgae
biomasses

Analysis of pigments of samples was performed according to
Gouveia et al. (1997). Total carotenoid and chlorophyll-a con-
tent of the samples were determined spectrophotometri-
cally after extraction with methanol. Ten milligram
spray-dried microalgae sample passed through the
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homogenization procedure with the addition of 5 mL
methanol; they passed through the centrifuge procedure
for 10 min at 2100×g. After these samples were read in
475 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 had 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 calcu-
lated using a specific absorption coefficient of 13.9 (Hu and
Richmond 1994).

Determination of color properties of dried microalgal
biomasses and chewing gum samples

Color parameters of spray-dried microalgae biomasses and
chewing gum samples were determined using colorimeter
(Chroma Meter CR-400, Konica Minolta, Japan). Chroma (C*)
values were calculated using the following equation.

C* ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a*2 þ b*2
p

ð1Þ

Preparation of chewing gum samples

Chewing gum base from Maykim, Turkey, was heated to 70 °C
in an oven and taken out from the oven for the addition of
ingredients. Firstly, microalgae were mixed with glucose syrup.
Then, microalgae (0.5 or 1%) and glucose syrup (20%), pow-
dered 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 min again, taken out, and mixed 10 min to obtain
homogeneous mixture. One gram of samples was formed from
the mixture, molded, and stored at room temperature in cap tight
containers prior to analysis.

Texture analysis of chewing gum samples

Textural properties of the samples were determined using texture
analyzer (TA.HD Plus, Stable Micro systems, 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 1, 5, and 5 mm s−1, respectively. The samples were
compressed twice 1 cm inside the samples to calculate textural
parameters.

Sensory properties of chewing gum samples

Sensory parameters (appearance, chewiness, adhesiveness, algal
taste, overall acceptability) of the samples were evaluated by ten
panelists. Trained panelists evaluated the effects of addition ofT
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different alga sources dried at different temperatures on sensory
characteristics of chewing gum samples and consumedwater and
crackers between assessments. Responses were recorded using a
hedonic scale where the trained panelists scored from 1 to 5 for
the corresponding attributes.

Statistical analyses

ANOVA was conducted using MINITAB-16 to deter-
mine if the spray-drying inlet temperatures and using
different concentrations of spray-dried biomasses on
sensory, texture, and color properties of chewing gum
samples were significant or not (p < 0.05). Significant
differences were determined by using Tukey test.

Results

Effect of spray-dried inlet temperature on pigment
content, color, and drying efficiency of microalgae

The effect of inlet temperatures on chlorophyll-a and total carot-
enoid amounts of I. galbana and N. oculata species is shown in
Table 1 and Fig. 1. Chlorophyll-a amounts of I. galbana and N.
oculata biomasses were determined as 7.775–11.377mg g−1 and
1.141–1.836 mg g−1, respectively, in the dry biomass. Total

carotenoids were found as 1.984–3.373 mg g−1 (dry biomass)
for I. galbana and 0.3780–0.077 mg g−1 (dry biomass) for N.
oculata.

Different spray dryer inlet temperatures (150–200 °C) were
found to influence chlorophyll-a and carotenoid amounts in
both species (p < 0.05). Taking into account the amounts of
chlorophyll-a and carotenoids, 170 °C for I. galbana and
180 °C for N. oculata were found to be advantageous for
higher pigment quantities.

The color qualities of microalgae obtained at different
temperatures were determined by examining the values of
L* (brightness), a* (red-green), b* (yellow-blue), and C*
(chroma) (Table 1). In this study, microalgae were used to
provide especially green color. All species and tempera-
ture differences were found to be effective on L*, a*, b*,
and C* parameters (p < 0.05). For N. oculata, increase in
temperature decreased a* value, indicating the loss of
green color. However, color saturation (C*) increased
with temperature increase (p < 0.05). When the color
characteristics of I. galbana biomass are examined, a*
value dropped with temperature increase which was ad-
vantageous for the green color.

Quality parameters of chewing gum

Photographs of chewed and non-chewed chewing gums colored
with spray-dried I. galbana and N. oculata are shown in Fig. 2.
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Fig. 1 Pigment contents of spray-dried microalgae biomasses. Data are the means ± SD of three replicates
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Texture of chewing gum samples

After spray-dried microalgal biomass was obtained at
different inlet temperatures, microalgae were added to
chewing gum formulation as a coloring agent at ratios
of 0.5 and 1%. Since texture is one of the most impor-
tant quality parameters of chewing gums, texture analy-
sis was conducted, and hardness, adhesiveness, springi-
ness, cohesiveness, chewiness, and resilience parameters
were determined (Table 2).

The spray dryer inlet temperature and microalgae usage level
did not cause significant difference in hardness, springiness,
gumminess, and chewiness properties in the gum samples con-
taining I. galbana (p < 0.05). Although there is a difference
between the samples for the resilience property (p < 0.05), it

can be considered to be negligible for the reason that it changed
in a fairly narrow range (0.014–0.015).

In the samples containing N. oculata, only a significant dif-
ference was determined between cohesiveness values (p < 0.05).
Similarly, resilience values varied slightly in a narrow range
(0.012–0.015). Generally, it was not possible to correlate signif-
icantly changed textural parameters with microalgae concentra-
tion, type, and the spray dryer inlet temperature.

Color properties of chewing gum samples

Color is one of the most important characteristics of foods, being
considered as a quality indicator that determines their acceptance
(Charanioti et al. 2015). Chemical food additives such as color-
ants have been widely applied for coloring purposes of food

Fig. 2 Photographs of chewing gums colored with microalgae dried at different conditions
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products, but their use is a controversial issue in the
food industry due to their toxicological potential on hu-
man health (Mizutani 2009).

Color parameters of L* (brightness), a* (red-green), b* (yel-
low-blue), and C* (chroma) were determined in the chewing
gum samples containing both microalgae obtained from spray
dryer under different inlet temperature conditions (Table 3). In all
samples prepared using N. oculata and I. galbana, brightness
decreased with increasing microalgae concentration (p < 0.05).
This could affect the perception of consumers negatively. Spray
dryer inlet temperature values could not change this trend
(p < 0.05).

For both microalgae, the increase in concentration decreased
green color intensity as a* values decreased significantly
(p < 0.05). This implied that there was an optimum concentration
level of algal biomass and concentration increase in chewing
gum did not necessarily give more green color to the product.
However, increase in b* value (p < 0.05) by increasing the con-
centrations could be stated as an advantage in terms of green

color, except for microalgae obtained using 200 °C spray dryer
inlet temperature.

In chewing gum samples, concentration increased color satu-
ration (C*) with the use of I. galbana, but there was a negative
correlation in the use of N. oculata (p < 0.05). For this reason, it
can be stated that biochemical composition which changes for
each microalgae species has different effects on the saturation of
color in the chewing gum samples.

Sensory properties of chewing gum samples

The sensorial properties of appearance, chewiness, adhesive-
ness, alga taste, and overall acceptability of the chewing gums
containing I. galbana and N. oculata biomass dried at differ-
ent spray dryer inlet temperatures were examined (Table 4).
No significant difference was found between sensory proper-
ties in all samples prepared using I. galbana (p < 0.05).

In samples prepared using N. oculata, increase in concen-
tration increased algal taste which caused decrease in the

Table 2 Textural properties of chewing gum containing microalgae dried under various spray dryer inlet temperatures

Microalga
concentration

Drying temperature
(°C)

Hardness
(g)

Adhesiveness
(J)

Springiness Cohesiveness Chewiness
(J)

Resilience

N. oculata
0.5 g/100 g

150 879 ± 259ab − 20.8 ± 1.6abc 0.794 ± 0.042a 0.199 ± 0.032ab 135.1 ± 11.4bc 0.015 ± 0.000a

160 951 ± 82ab − 18.3 ± 7.1abc 0.770 ± 0.035a 0.169 ± 0.002ab 123.4 ± 3.6bc 0.013 ± 0.000bc

170 925 ± 626ab − 15.5 ± 1.1ab 0.750 ± 0.021a 0.153 ± 0.002b 106.0 ± 11.5c 0.014 ± 0.00ab

180 908 ± 3ab − 32.7 ± 1.3d 0.819 ± 0.014a 0.234 ± 0.019a 174.0 ± 16.3ab 0.013 ± 0.000bc

190 1120 ± 138a − 26.9 ± 0.9cd 0.821 ± 0.017a 0.217 ± 0.016ab 198.3 ± 5.4a 0.014 ± 0.000ab

200 660 ± 76b − 18.0 ± 5.7abc 0.760 ± 0.097a 0.187 ± 0.008ab 94.9 ± 26.9c 0.014 ± 0.000ab

N. oculata
1.0 g/100 g

150 632.0 ± 133.1b − 13.9 ± 1.2a 0.718 ± 0.003a 0.183 ± 0.046ab 85.5 ± 38.6c 0.014 ± 0.001ab

160 781.4 ± 47.4ab − 22.1 ± 3.8abc 0.740 ± 0.049a 0.199 ± 0.034ab 114.7 ± 20.3bc 0.014 ± 0.000ab

170 857.2 ± 13.2ab − 24.3 ± 2.8bcd 0.787 ± 0.073a 0.217 ± 0.013ab 147.1 ± 24.8abc 0.013 ± 0.001bc

180 934.5 ± 118.6ab − 33.0 ± 0.6d 0.770 ± 0.069a 0.205 ± 0.033ab 146.3 ± 18.4abc 0.012 ± 0.000c

190 902.0 ± 151.4ab − 25.1 ± 1.4bcd 0.765 ± 0.000a 0.202 ± 0.004ab 139.5 ± 26.2abc 0.013 ± 0.001bc

200 813.7 ± 71.1ab − 14.1 ± 4.0a 0.777 ± 0.066a 0.162 ± 0.040ab 101.9 ± 24.6c 0.013 ± 0.001bc

I. galbana
0.5 g/100 g

150 660.7 ± 69.6A − 12.7 ± 1.7AB 0.762 ± 0.052A 0.220 ± 0.005ABCD 111.2 ± 17.0A 0.014 ± 0.000AB

160 800.5 ± 188.0A − 28.0 ± 4.9BC 0.745 ± 0.007A 0.201 ± 0.030ABCD 118.0 ± 11.4A 0.014 ± 0.000AB

170 913.9 ± 58.6A − 21.6 ± 3.0ABC 0.804 ± 0.035A 0.184 ± 0.003BCD 135.1 ± 16.3A 0.014 ± 0.000AB

180 728.3 ± 85.4A − 19.0 ± 3.1ABC 0.831 ± 0.073A 0.250 ± 0.050ABC 154.9 ± 61.1A 0.015 ± 0.001A

190 893.6 ± 29.6A − 15.3 ± 2.5ABC 0.745 ± 0.000A 0.174 ± 0.006CD 115.6 ± 6.1A 0.014 ± 0.00AB

200 629.2 ± 140.3A − 8.0 ± 1.3A 0.789 ± 0.028A 0.206 ± 0.022ABCD 104.2 ± 37.3A 0.014 ± 0.001AB

I. galbana
1.0 g/100 g

150 619.9 ± 120.6A − 16.9 ± 5.9ABC 0.730 ± 0.007A 0.164 ± 0.009D 74.7 ± 19.4A 0.014 ± 0.000AB

160 659.7 ± 146.8A − 17.9 ± 4.9ABC 0.757 ± 0.045A 0.193 ± 0.032BCD 99.3 ± 43.4A 0.013 ± 0.000B

170 679.3 ± 91.1A − 23.7 ± 5.8ABC 0.755 ± 0.049A 0.219 ± 0.031ABCD 114.6 ± 38.3A 0.015 ± 0.001A

180 682.0 ± 92.6A − 32.0 ± 15.0C 0.789 ± 0.000A 0.262 ± 0.033AB 139.8 ± 1.3A 0.014 ± 0.000AB

190 834.6 ± 151.3A −13.5 ± 4.3AB 0.757 ± 0.094A 0.183 ± 0.055BCD 122.4 ± 70.2A 0.014 ± 0.000AB

200 726.6 ± 108.8A − 15.1 ± 3.9ABC 0.828 ± 0.000A 0.222 ± 0.006ABCD 133.7 ± 23.4A 0.015 ± 0.001A

Different superscript lowercase and uppercase letters show the significant differences between the samples colored with spray-dried N. oculata and I.
galbana, respectively, (p < 0.05). Data are the means ± SD of three replicates
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appreciation level of chewing gums (p < 0.05). The
least preferred chewing gum samples included N.
oculata biomass dried at inlet temperature of 150 °C.
This can be result of the presence of microalga’s vola-
tile compounds and higher temperatures than 150 °C
were needed to remove this strange odor. However, this
effect depended on species used in chewing gum
samples.

Discussion

Total carotenoid amounts were consistent with the previ-
ous studies concerning untreated microalgae samples,
whereas chlorophyll-a amounts of I. galbana were deter-
mined at a higher level (Durmaz 2007; Durmaz et al.
2008). A remarkable result was that for both types and
pigments, an increase in the pigment values occurred after
the stated temperature values were reached, and then a fall

occurred. However, with the application of other spray
dryer process conditions, alternative techniques (e.g., en-
capsulation) or performing process optimization, it could
be possible to achieve an advantage in pigment concen-
trations. The optimum conditions for each type should be
determined for the microalgae drying by spray dryer ap-
plication, because the inlet temperature influenced on the
color characteristics of the obtained powdered biomasses.

Hardness values of all samples were found to be lower
than those previously determined with TPA and chewing
gum samples (Santos et al. 2014). This could be advanta-
geous in terms of consumer acceptability and quality
(McGowan et al. 2005). Likewise, chewiness values are
low in all samples (74.7–174.7 g). Springiness values of
the gum samples were determined at low levels consistent
with the chewiness values (0.831–0.740). These textural
properties might also be regarded as an advantageous fea-
ture for the process of masticating gums containing dried
microalgae in their composition.

Table 3 Color properties of chewing gum containing microalgae dried under various spray dryer inlet temperatures

Microalga concentration Drying temp. (°C) L* a* b* C*

N. oculata 0.5 g/100 g 150 65.43 ± 2.32a − 0.60 ± 0.05bc 14.99 ± 0.21e 15.00 ± 0.21d

160 64.08 ± 1.17a − 0.61 ± 0.17bc 16.51 ± 0.22bcde 16.53 ± 0.22abcd

170 63.73 ± 0.77ab − 0.71 ± 0.16bcd 16.31 ± 0.27cde 16.32 ± 0.28bcd

180 63.53 ± 1.81ab − 1.12 ± 0.19de 18.07 ± 0.95ab 18.10 ± 0.94a

190 63.20 ± 2.36ab − 1.70 ± 0.29f 16.67 ± 0.91abcd 16.76 ± 0.93abc

200 61.09 ± 1.10abc − 1.64 ± 0.14f 16.49 ± 0.39bcde 16.58 ± 0.40abcd

N. oculata 1.0 g/100 g 150 58.80 ± 1.20cd − 0.06 ± 0.00a 16.78 ± 0.28abcd 16.78 ± 0.29abc

160 55.87 ± 0.82d − 0.03 ± 0.00a 18.15 ± 0.28a 18.15 ± 0.28a

170 59.38 ± 0.87bcd − 0.12 ± 0.15a 17.48 ± 0.48abc 17.48 ± 0.48ab

180 57.31 ± 0.98cd − 0.38 ± 0.04ab 17.77 ± 0.78abc 17.78 ± 0.78ab

190 56.63 ± 2.01d − 1.37 ± 0.16ef 17.33 ± 0.64abc 17.38 ± 0.65ab

200 58.24 ± 1.16cd − 0.92 ± 0.07cde 15.64 ± 0.48de 15.67 ± 0.48cd

I. galbana 0.5 g/100 g 150 50.43 ± 0.31ABC − 2.49 ± 0.13DEF 13.59 ± 0.51ABCD 13.81 ± 0.52ABCD

160 49.43 ± 1.11C − 2.44 ± 0.15DEF 13.91 ± 0.38ABC 14.12 ± 0.39ABC

170 53.19 ± 0.36A − 2.88 ± 0.05F 14.76 ± 0.27AB 15.04 ± 0.27AB

180 52.36 ± 1.13ABC − 2.49 ± 0.18DEF 14.03 ± 0.87ABC 14.25 ± 0.89ABC

190 52.95 ± 1.38AB − 2.53 ± 0.20EF 15.00 ± 0.68A 15.21 ± 0.70A

200 49.97 ± 1.15BC − 2.04 ± 0.18BCD 12.20 ± 0.84CDE 12.37 ± 0.86CDE

I. galbana 1.0 g/100 g 150 43.23 ± 0.75D − 1.42 ± 0.16A 9.32 ± 0.71G 9.43 ± 0.73G

160 44.64 ± 0.94D − 1.31 ± 0.09A 9.79 ± 0.47FG 9.88 ± 0.48FG

170 44.34 ± 1.03D − 1.68 ± 0.08ABC 11.63 ± 0.37DEF 11.75 ± 0.37DEF

180 44.53 ± 1.38D − 1.96 ± 0.17BC 12.86 ± 1.01BCDE 13.01 ± 1.02BCDE

190 42.89 ± 1.04D − 1.57 ± 0.11AB 11.51 ± 0.47EF 11.62 ± 0.48EF

200 45.10 ± 1.32D − 2.09 ± 0.30CDE 13.66 ± 1.08ABC 13.82 ± 1.11ABC

Different superscript lowercase and uppercase letters show the significant differences between the samples colored with spray-dried N. oculata and I.
galbana, respectively, (p < 0.05). L*, brightness; a*, ± red-green; b*, ± yellow-blue; C*, chroma; nd, not determined. Data are the means ± SD of three
replicates
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Cohesiveness is the extent to which a material can be de-
formed before breaking (Szczesniak 2002). This textural param-
eter, indicative of the power of internal bonds that make up the
structure of a food matrix, was determined to be below 0.86 in
previous studies for chewing gum (Santos et al. 2014). In this
study, lower values (0.153–0.262) were detected. Low cohesive-
ness values may be advantageous for releasing compounds that
are present in the chewing gum matrix and released during the
oral cavity process.

As a result, the changes in the determined textural parameters
and the obtained results did not constitute an obstacle to the use
of N. oculata and I. galbana as colorants for chewing gums.

The colors of the gum samples can be named khaki or light
khaki based on the US Federal Standard Color Guides (2008)
definitions. In both microalgae, degradation of chlorophyll-a
and carotenoids in the biomass composition was thought to be
effective in coloring. Based on a*, b*, and C* values in
chewing gum samples, 0.5 g (100 g)−1 concentration and
180 to 190 °C spray dryer inlet temperature were the best
conditions for achieving green color using N. oculata. For I.

galbana, it is advantageous to use the same concentration and
170 to 190 °C inlet spray dryer temperatures. These results
showed compatibility with pigment concentrations of dried
microalgae samples. Importantly, this showed that algal bio-
mass pigments were not affected by the chewing gum produc-
tion process indicating the suitability of using microalgae as a
colorant agent in chewing gums.

As mentioned in texture analysis results, there were signif-
icant differences between the instrumentally measured param-
eters of chewiness and adhesiveness. However, no difference
was found in the results of sensory analysis. This could be due
to the fact that the mastication is a dynamic process and in this
process, chewing gums are affected by saliva components as
well as possible chemical and structural changes due to oral
cavity temperature. However, further studies could be useful
for researchers in this area to determine the optimum TPA
methods enabling correlation between TPA parameters and
sensory analysis.

In conclusion, microalgae are a potential bioactive ingredi-
ent source for the food industry due to their biochemical

Table 4 Sensory properties of chewing gum containing microalgae dried under various spray dryer inlet temperatures

Microalga concentration Drying temperature (°C) Appearance Chewiness Adhesiveness Alga taste Overall acceptability

N. oculata 0.5 g/100 g 150 4.25 ± 0.43a 4.25 ± 0.43a 4.00 ± 0.71a 3.00 ± 1.00b 3.75 ± 0.43a

160 4.50 ± 0.87a 4.75 ± 0.43a 4.25 ± 0.43a 5.00 ± 0.00a 4.75 ± 0.43a

170 4.75 ± 0.43a 4.25 ± 0.43a 4.00 ± 0.00a 4.50 ± 0.43a 4.00 ± 0.71a

180 4.50 ± 0.43a 4.50 ± 0.50a 4.25 ± 0.43a 5.00 ± 0.00a 4.25 ± 0.83a

190 4.50 ± 0.87a 4.50 ± 0.50a 4.50 ± 0.50a 4.50 ± 0.43a 4.50 ± 0.50a

200 4.50 ± 0.50a 4.00 ± 0.71a 4.50 ± 0.50a 5.00 ± 0.00a 3.75 ± 0.43a

N. oculata 1.0 g/100 g 150 4.00 ± 1.23a 4.00 ± 0.71a 3.75 ± 0.43a 3.75 ± 0.43ab 4.00 ± 0.71a

160 4.00 ± 0.71a 3.75 ± 0.43a 4.25 ± 0.43a 4.25 ± 0.43ab 4.00 ± 0.71a

170 4.00 ± 0.71a 3.75 ± 0.83a 4.50 ± 0.50a 4.50 ± 0.50a 3.75 ± 0.83a

180 4.50 ± 0.50a 4.25 ± 0.43a 4.25 ± 0.43a 4.25 ± 0.43ab 3.75 ± 0.43a

190 4.00 ± 0.71a 4.00 ± 0.71a 4.50 ± 0.50a 4.50 ± 0.50a 4.00 ± 1.00a

200 4.00 ± 0.71a 4.50 ± 0.50a 4.25 ± 0.43a 4.25 ± 0.43ab 4.25 ± 0.43a

I. galbana 0.5 g/100 g 150 4.25 ± 0.83A 4.25 ± 0.43A 3.75 ± 0.43A 5.00 ± 0.00A 4.25 ± 0.43A

160 4.75 ± 0.43A 3.75 ± 0.43A 4.50 ± 0.50A 3.50 ± 0.83A 4.00 ± 1.00A

170 4.25 ± 0.43A 4.00 ± 0.00A 4.25 ± 0.43A 4.50 ± 0.43A 4.25 ± 0.43A

180 4.50 ± 0.50A 4.25 ± 0.83A 4.25 ± 0.43A 4.00 ± 0.50A 4.50 ± 0.50A

190 4.25 ± 0.43A 4.50 ± 0.50A 4.25 ± 0.43A 4.00 ± 0.87A 4.50 ± 0.50A

200 4.50 ± 0.50A 3.75 ± 0.43A 4.50 ± 0.50A 4.50 ± 0.43A 4.50 ± 0.50A

I. galbana 1.0 g/100 g 150 4.50 ± 0.50A 4.00 ± 0.71A 4.25 ± 0.43A 4.25 ± 0.43A 3.75 ± 0.43A

160 4.00 ± 0.00A 3.75 ± 0.43A 4.50 ± 0.50A 4.50 ± 0.50A 3.75 ± 0.43A

170 4.25 ± 0.43A 4.50 ± 0.50A 4.50 ± 0.50A 4.50 ± 0.50A 4.25 ± 0.43A

180 3.75 ± 0.43A 3.50 ± 1.18A 4.50 ± 0.50A 4.50 ± 0.50A 3.50 ± 0.87A

190 4.50 ± 0.50A 4.50 ± 0.50A 4.00 ± 0.71A 4.00 ± 0.71A 4.50 ± 0.50A

200 4.50 ± 0.50A 4.75 ± 0.43A 4.00 ± 0.71A 4.00 ± 0.71A 4.25 ± 0.83A

Different superscript lowercase and uppercase letters show the significant differences between the samples colored with spray-dried N. oculata and I.
galbana, respectively, (p < 0.05). Data are the means ± SD of three replicates
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compositions and consumer expectations. One of the uses of
this source is the natural colorant in different food matrices.
The obtained results confirmed that the biomass of N. oculata
and I. galbana species can be used as a colorant in chewing
gum matrix and that the production process did not cause
color pigment degradation. However, in the production of
colorants from these and other microalga species, the use of
the spray dryer technique requires species-based optimization.
It is also useful to investigate color stability of chewing gums
during storage process with further studies.

References

Charanioti C, Nikoloudaki A, Tzia C (2015) Saffron and beetroot extracts
encapsulated in maltodextrin, gum arabic, modified starch and chi-
tosan: incorporation in chewing gum system. Carbohydr Polym 127:
252–263

Cohen Z (1991) Preparation of eicosapentaenoic acid (EPA) concentrate
from Porphyridium cruentum. J Am Chem Soc 68:16–19

Durmaz Y (2007) Vitamin E (α-tocopherol) production by the marine
microalgae Nannochloropsis oculata (Eustigmatophyceae) in nitro-
gen limitation. Aquaculture 272: 717–722

Durmaz Y, Donato M, Monteiro M, Gouveia L, Nunes ML, Gama P,
Gokpinar S, Bandarra NM (2008) Effect of temperature on growth
and biochemical composition (sterols, α-tocopherol, carotenoids,
fatty acid profiles) of the microalga, Isochrysis galbana. Bamidgeh
60:188–195

Fábregas J, Herrero C (1990) Vitamin content of four marine microalgae.
Potential use as source of vitamins in nutrition. J Microbiol 5:259–
264

Fábregas J, Herrero C, Cabezas B, Abalde J (1985) Mass culture and
biochemical variability of the marine microalga Tetraselmis suecica
Kylin (Butch) with high nutrient concentration. Aquaculture 49:
231–244

Fidalgo JP, Cid A, Torres E, Sukenik A, Herrero C (1998) Effects of
nitrogen source and growth phase on proximate biochemical com-
position, lipid classes and fatty acid profile of the marine microalga
Isochryis galbana. Aquaculture 166:105–116

Flynn KJ, Zapata M, Garrido JL, Öpik H, Hipkin CR (1993) Changes in
carbon and nitrogen physiology during ammonium and nitrate nu-
trition and nitrogen starvation in Isochrysis galbana. Eur J Phycol
28:47–52

Fuentes MM, Fernandez GG, Perez JA, Guerrero JJ (2000) Biomass
nutrient profiles of the microalga Porphyridium cruentum. Food
Chem 70:345–353

Gizberg A, Cohen M, Sod-Moriah UA, Shany S, Rosenshtrauch A, Arad
S (2000) Chickens fed with biomass of the red microalga
Porphyridium sp. have reduced blood cholesterol level andmodified
fatty acid composition in egg yolk. J Appl Phycol 12:325–330

Gouveia L, Gomes E, Empis J (1997) Use of Chlorella vulgaris in diets
for rainbow trout to enhance pigmentation of muscle. J Appl Aquac
7:61–70

Guil-Guerrero JL, El-Hassan B, Fuentes MMR (2001) Eicosapentaenoic
and arachidonic acids purification from the red microalga
Porphyridium cruentum. Bioseparation 9:299–306

Guillard RRL, Ryther JH (1962) Studies onmarine planktonic diatoms: I.
Cyclotella nana Hustedt, and Detinula conferacea (Cleve) Gran.
Can J Microbiol 18:229–239

Hearty A, Lau A, Roberts A (2014) Chewing gum in Europe: a survey
intakes in France, Germany, Italy, Spain and the UK. Food Addit
Contam A 31:1147–1157

Hu Q, Richmond A (1994) Optimizing the population density in
Isochrysis galbana grown outdoors in a glass column
photobioreactor. J Appl Phycol 6:391–396

Huo J, Nelis HJ, Lavens P, Sorgeloos P, De Leenheer AP (1997)
Determination of vitamin E in microalgae using HPLC with fluo-
rescence detection. J Chromatogr A 782:63–68

Konar N, Toker OS, Palabiyik I, Sagdic O (2016) Chewing gum: produc-
tion, quality parameters and opportunities for delivering bioactive
compound. Trends Food Sci Technol 55:29–38

Lubzens E, Gibson O, Zmora O, Sukenik A (1995) Potential advantages
of frozen algae (Nannochloropsis sp.) for rotifer (Brachionus
plicatilis) culture. Aquaculture 133:295–309

McGowan BA, Padua GW, Lee SY (2005) Formulation of corn zein
chewing gum and evaluation of sensory properties by the time-
intensity method. J Food Sci 70:475–481

Mizutani T (2009) Toxicity of xanthene food dyes by inhibition of human
drug-metabolizing enzymes in a noncompetitive manner. J Environ
Public Health. https://doi.org/10.1155/2009/953952

Molina GE, García CF, Sánchez PJA, Urda CJ, Acién FFG, Fernández
SJM (1994) Outdoor chemostat culture of Phaeodactylum
tricornutum UTEX 640 in a tubular photobioreactor for the produc-
tion of eicosapentaenoic acid. Biotechnol Appl Biochem 20:279–
290

Otles S, Pire R (2001) Fatty acid composition of Chlorella and Spirulina
microalgae species. J Am Chem Soc 84:1708–1714

Pulz O, Gross W (2004) Valuable products from biotechnology of
microalgae. Appl Microbiol Biotechnol 65:635–648

Santos MG, Carpinteiro DA, Thomazini M, Rocha-Selmi GA, Da Cruz
AG, Rodrigues CEC, Favaro-Trindade CS (2014) Coencapsulation
of xylitol and menthol by double emulsion followed by complex
coacervation and microcapsule application in chewing gum. Food
Res Int 66:454–462

Sukenik A, Yamaguchi Y, Livne A (1993) Alterations in lipid molecular
species of the marine eustigmatophyte Nannochloropsis sp. J Appl
Phycol 29:620–626

Szczesniak AS (2002) Texture is a sensory property. FoodQual Prefer 13:
215–225

Volkman JK, Smith DJ, Eglinton G, Forsberg TEV, Corner EDS (1981)
Sterol and fatty acid composition of four marine Haptophyceae al-
gae. J Mar Biol Assoc U K 61:509–527

J Appl Phycol

https://doi.org/10.1155/2009/953952

	Using spray-dried microalgae as a natural coloring agent in chewing gum: effects on color, sensory, and textural properties
	Abstract
	Introduction
	Materials and methods
	Microalgae cultures and culture conditions
	Growing and harvesting of microalgae
	Spray drying
	Determination of pigment contents of dried microalgae biomasses
	Determination of color properties of dried microalgal biomasses and chewing gum samples
	Preparation of chewing gum samples
	Texture analysis of chewing gum samples
	Sensory properties of chewing gum samples
	Statistical analyses

	Results
	Effect of spray-dried inlet temperature on pigment content, color, and drying efficiency of microalgae
	Quality parameters of chewing gum
	Texture of chewing gum samples
	Color properties of chewing gum samples
	Sensory properties of chewing gum samples

	Discussion
	References


