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Abstract: The Gracilaria corticata (red macroalgae) is a valuable
source of nutrients for producing functional food products. This study aims
to investigate how different concentrations of Gracilaria corticata affect the
physical, chemical, and sensory properties of ice cream during a 60-day
storage period. In this study, powders from Gracilaria corticata were used at
concentrations of 0, 0.5, and 1 % in ice cream preparation. Results showed
that adding algae powder significantly increased dry matter, protein, overrun,
total phenolic content, and antioxidant activity (p < 0.05), while it did not
significantly change carbohydrate, fat content, and melting rate
(p > 0.05). Despite their acidity, samples with algae powder had a higher pH
than the control, although pH decreased and acidity increased during storage
(p < 0.05). The powder reduced the melting rate and altered color properties,
with L* and a* decreasing and b* increasing (p < 0.05), although storage time
did not significantly affect color (p > 0.05). Sensory evaluation indicated that
flavor and aroma scores increased, while color scores decreased (p < 0.05).
Storage time did not significantly impact flavor and aroma (p > 0.05), but it
did reduce other sensory parameters (p < 0.05). Overall, the addition of 0.5%
macroalgae of the species Gracilaria corticata could be acceptable,
considering the product's physicochemical properties and consumer
acceptance.
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INTRODUCTION

One of consumers' most important demands is the development of new products with
improved nutritional and quality characteristics [1]. In addition to meeting consumer
demands, foodstuffs should also have natural properties and health benefits [2]. In this
regard, using food supplements derived from natural sources is an excellent solution to
meet these needs [3]. From this point of view, macroalgae, as a complementary additive,
can be effectively used in the development of new foodstuffs due to their valuable,
interesting components and diverse applications [4 — 6]. Among macroalgae, Gracilaria
corticata is a good and diverse source of beneficial compounds [7, 8]. On the other hand,
dairy products such as ice cream have high nutritional value and play an essential role in
the diet. They are widely consumed worldwide, and their beneficial properties can be
enhanced by adding algae [1, 3, 9, 10].

Algae, known as "superfoods", are a large group of unicellular or multicellular organisms.
They are the most abundant photoautotrophs in diverse habitats such as water, land, and
extreme conditions. However, they are mainly aquatic and can be found in freshwater
ecosystems or the sea. There are also small microscopic forms (microalgae) and large
macroscopic forms (macroalgae) [8, 11 — 13].

Macroalgae, also known as seaweed, are a group of multicellular algae that are divided
into three categories: red, brown, and green algae based on their color [10, 14 — 16].
Macroalgae are a premium nutrient base containing higher amounts of macro- and
micronutrients and bioactive molecules, including vitamins, proteins, minerals,
unsaturated fatty acids, carbohydrates, carotenoids, amino acids, lipids, and dietary fiber.
These components are biologically active and commercially valuable. Macroalgae can be
used as a low-calorie food, gelling agent, thickener, food additive, thickening agent,
stabilizer, and emulsifier [17 — 19].

Gracilaria corticata, belonging to the family Gracilariaceae and the order Gracilariales,
is a large red algae and one of the most dominant seaweeds in the world [7, 20]. Protein,
calcium, magnesium, and other nutrients are abundant in these algae, and they include a
variety of physiologically active chemical compounds like phytochemicals that have a
wide range of applications, particularly in the food industry. They have antioxidant,
antimicrobial, antidiabetic, heart protection, stomach, and liver protection activities,
among others [7, 13, 18, 21].

Ice cream is a frozen dessert that is widely enjoyed and popular due to its beneficial
properties, especially its cooling effect on hot days [22 — 25]. Its composition varies but
typically includes milk, sweeteners, hydrocolloids, emulsifiers, flavorings, and coloring
agents. Rich in protein, fat, carbohydrates, minerals, and vitamins, it is a nutrient-dense,
high-energy food [23, 26, 27]. Ice cream also has the potential to be enhanced and
diversified by adding various healthy ingredients [9, 28].

Therefore, it seems that the use of macroalgae as a natural source with nutritional and
functional properties can improve the content of their compounds in various foodstuffs
such as ice cream, bring health benefits to the consumer, and make them become value-
added products, which is a very interesting basis for the development of new food
products. However, more studies are needed in this field. The purpose of this research is
to prepare ice cream enriched with Gracilaria corticata macroalgae and to investigate the
physicochemical and sensory characteristics of this product.
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MATERIALS AND METHODS
Materials

In this research, milk, and cream from the Mihan company (Iran), skim milk powder from
the Pegah company (Iran), the stabilizer-emulsifier compound from the Roberte company
(France), sugar from the Golha Company (Iran), vanillin from Qutbi Company (Iran),
phenol phthalein, sodium hydroxide, sulfuric acid, boric acid, hydrochloric acid, Folin-
Ciocalteu reagent, and DPPH radical from Merck company (Germanyy), 96 % ethanol and
methanol from Pars company (Iran) and standard gallic acid were purchased from Sigma
Aldrich Company (USA). Gracilaria corticata macroalgae powder was obtained from
the Biotechnology Research Institute of Agricultural Jihad in Northwest Iran.

Ice cream production

The ice cream formulation included 10 % fat, 15 % sugar, 11 % skim milk powder, 1 %
stabilizer-emulsifier mixture, and 0.1 % vanillin as a flavoring. Ice cream was produced
using the method of Ganesan and Shanmugam with some modifications [29]. After
weighing, the milk and cream were blended until a 10 % fat content was reached. The fat-
milk mixture was then heated to 50 °C and stirred regularly. Next, a blend of dry
ingredients (sugar, vanilla, milk powder, emulsifier, and stabilizer mixture) and varying
percentages of Gracilaria corticata algae powder (0, 0.5, and 1 %) was added and
thoroughly mixed with a mixer. The resulting mixture was pasteurized at 80 °C for 25
seconds. After pasteurization, the mixture was rapidly cooled and matured at 4 °C for 24
hours. Ice cream was then frozen in a non-continuous ice cream machine for 35 minutes
and filled into 120 g glass containers with a height of 5 cm. Production samples were
stored in a freezer at -18 °C until testing.

Physicochemical analysis of the ice cream samples

For dry matter assessment, the method of Erem et al. was used with a slight modification.
3- 4 g of ice cream sample was weighed and placed on aluminium foil [30]. The foil,
along with the sample, was placed in a vacuum oven at 102 °C for 4 h. The sample was
taken out of the oven, and after cooling in the desiccator, it was weighed immediately.
The value of dry matter of the sample was calculated using equation (1).

Weight of dried sample
g 2= %100 (1)

Value of dry matter [%] =

Initial weight of the sample

All samples’ proximate analyses were carried out in compliance with official procedures.
The amount of protein was ascertained using the Kjeldahl technique. The Soxhlet
extraction method was employed to measure the fat value. The Fehling technique was
used to determine the total sugar [31].

Using the pH-meter digital model pH 827 (Metrohm, Switzerland), the pH of the samples
was determined [24].

The acidity of ice cream samples in the presence of phenolphthalein reagent was
measured by titrating with 0.1 N NaOH until a slight pink color developed, and the acidity
was calculated according to lactic acid percentage (% LA) based on equation (2) [32].
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. s o1 — 9:009 x volume used of 0.1N NaOH (mL)

ACIdIty [/0] - Weight of Sample (g) x 100 (2)
To measure the overrun, the weight method was used by comparing the weight of a
specific volume of ice cream. In this way, samples were taken and weighed from the
sample mixture before and after freezing in the ice cream maker (Moulinex- type A85,
Italy). Then, using equation (3), the overrun was calculated [33].

Sample weight before freezing—Sample weight after freezing x 100

Overrun = Sample weight after freezing (3)

To measure the percentage of ice cream melting resistance, Bajestani et al.'s method was
used with some modifications [3]. A quantity of 30 g of the ice cream sample was poured
into the Buchner funnel immediately after the completion of the freezing stage, and the
funnel was placed in the mouth of a dry Erlenmeyer flask, which had been previously
weighed. Then it was transferred to the incubator at 25 °C, and after 15 min, the amount
of melted ice cream in the Erlenmeyer flask was weighed.

The color parameters of the ice cream samples were evaluated using the Hunter Lab
device (ColorFlex EZ, Germany) and based on three factors : L*, a*, and b* [30]. Three
points were used to quantify each sample's L* (lightness : 0 = black, 100 = white), a*
(greenness (—), redness (+)), and b* (blueness (—), yellowness (+)) factors.

For Total phenolic content (TPC), 0.5 to 1 g of ice cream samples were extracted by
vortexing with mechanical shaking for 4 hours, and finally sonication for 20 min with 50
mL of methanol. The methanolic extract was filtered, and filtered and the supernatant was
tested. TPC was measured by the Folin-Ciocalteu reagent according to the method of [6].
In this way, 0.5 mL of ice cream extract and 0.1 mL of 0.1 mL of 0.5 N Folin-Ciocalteu
reagent were mixed and placed at a temperature of 25 °C for 15 min. After adding 2.5 mL
of saturated sodium carbonate and letting it sit at a temperature of 25 °C for 0.5 h, a
spectrophotometer (Shimadzu UV-1601, Japan) was used to measure the absorbance at a
wavelength of 760 nm. The total phenolic content was determined using gallic acid
equivalents (mg GAE/kg).

The antioxidant capacity of the samples was measured using DPPH (1,1-diphenyl-2-
picrylhydrazyl) according to the procedure described by Szmejda et al. [34]. To do this,
3 mL of sample extract was incorporated into 3.9 mL of freshly obtained 0.1 mM DPPH
radical solution in 80 % methanol and stirred. After 30 min of dark storage at 20 °C, the
absorbance of the samples was determined at 517 nm by a UV-Vis spectrophotometer
(Shimadzu UV-1601, Japan).

10 trained evaluators assessed the sensory characteristics of ice cream using the 7-point
hedonic method, evaluating flavor, odor, color, melting rate, coldness, and overall
acceptance [2, 30, 35, 36]. The samples were rated on a scale of like very much (7), like
moderately (6), like slightly (5), neither like nor dislike (4), dislike slightly (3), dislike
moderately (2), and dislike very much (1).

All experiments were performed in triplicate. The findings of this study were evaluated
with SPSS statistical software version 22. Statistical differences in the experimental
groups were analysed using a one-way analysis of variance (ANOVA) followed by
Duncan's post hoc test. p < 0.05 values were considered statistically significant. Excel
2013 (Microsoft Office) software was used to draw graphs.
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RESULTS AND DISCUSSION

The dry matter values of the samples are given in Table 1. The results showed that adding
Gracilaria corticata macroalgal powder to ice cream significantly increased dry matter
content (p < 0.05). The ice cream containing 1 % powder had the highest dry matter
content, while the control ice cream had the lowest. Due to the presence of protein, fiber,
and minerals in large amounts in Gracilaria corticata algae, the increase in dry matter
due to the rise in Gracilaria corticata algae powder concentrations is related to this [7,
37, 38]. Similar results were observed in the research of Agustini et al. in the dry matter
of ice cream supplemented with Spirulina platensis algae powder [37]. Additionally, the
results of this research were consistent with the findings of Boyanova et al.'s study. They
stated that incorporating Spirulina platensis algae in all concentrations into ice cream
enhanced the dry matter of ice cream [22]. Overall, all of the samples’ dry matter met the
standards set by the National Standardized Agency. The maximum dry matter value for
ice cream is 42 %; if it exceeds this, the weight and humidity of the products may be
impacted [37]

The results of the proximate composition analysis for ice cream samples are shown in
Table 1. In terms of protein, there was a significant difference between the samples
(p <0.05). The highest protein value was assigned to ice cream containing 1 % Gracilaria
corticata macroalgae powder, and the lowest value was assigned to control ice cream.
The reason for the increased protein value of samples containing Gracilaria corticata
macroalgae powder compared to the control sample is the presence of a notable amount
of protein (21 %) in Gracilaria corticata macroalgae [7]. The findings of the present
study were in agreement with the other results [3, 22, 37, 39]. Regarding fat and sugar,
there was no significant difference between the samples (p > 0.05). The highest fat and
sugar values were assigned to ice cream containing 1 % Gracilaria corticata macroalgae
powder, and the lowest values were assigned to the control ice cream.

Table 1. The effect of “Gracilaria corticata” algae powder on the dry matter value and
proximate composition values of ice cream

Amount of algae Chemical composition [%]
powder [%0] Dry matter Protein Fat Sugar
0 35.56 £ 0.15°¢ 2.82+0.21°¢ | 7.55+0.05% | 23.50+0.30*
0.5 36.0+0.20° 3.02+0.19° | 756+0.16% | 23.50+0.10°%
1 36.47 £ 0.05 ® 3.40+0.18* | 7.58+0.08% | 23.52+0.12°

Numbers in each column that do not have the same letters have a significant difference (p < 0.05).

Figure 1 shows the effect of different concentrations of Gracilaria corticata algae powder
on the pH changes of ice cream samples during the 60-day storage period. The
comparison of the average data showed that as the percentage of different concentrations
of Gracilaria corticata algae increased, the pH of the ice cream samples also increased.
However, this difference was statistically significant only on the 20th day of storage (p <
0.05). The increase in the pH of different ice cream samples can be attributed to the
alkaline pH of Gracilaria corticata [38]. The results of this study conflicted with the
findings of other researchers. They stated that as the levels of Spirulina algae increased,
the pH level decreased [39, 40]. On the other hand, the significance of the difference on
the 20th day of storage and the non-significance on the other days of storage indicate the
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gradual and transient effect of algae on pH, which reaches its maximum in a certain
interval. These changes are probably related to algal composition, chemical reactions, and
the dynamics of storage processes.

According to another part of the results, the pH of different ice cream samples decreased
significantly with the increase in storage time (p < 0.05). The transformation of sugar or
starch molecules into acids may be the cause of the pH drop during storage [32]. In
addition, the production of lactic acid by psychrophilic and lactic acid bacteria (LAB)
during storage may have contributed to the decline in pH [41]. The findings of the present
study were consistent with the results of Mudannayake et al.'s study [35]. They reported
that with enhanced storage time, the pH of different ice cream samples (samples
containing Kappaphycus alvarezii algae and samples without Kappaphycus alvarezii
algae) diminished.

Control M 0.5 % algae 1 % algaea
6.90
6.80 pa A3 Aa
Aa T i Aa T
6.70 - 1 Ba mb
_ | Ab
6.60 4 1 Ab  Ab
T T Ac
T 6.50 1L Ab T
= J_ Ab
6.40 1
1
6.30
6.20
6.10 r T .
0 20 40 60

Storage time (day)

Figure 1. Changes in pH of different ice cream samples during storage
Dissimilar lowercase letters indicate significant changes in the pH of each treatment during the storage
period (p < 0.05). Dissimilar capital letters indicate significant changes in the pH of different treatments at the
same point in the storage period (p < 0.05)

Figure 2 exhibits the mean values for the acidity of Gracilaria corticata algae powder-
enriched ice cream. As can be seen, at the same storage time, the acidity of ice cream
samples containing Gracilaria corticata algae powder was lower than the control sample,
although this difference was not statistically significant (p > 0.05). As mentioned, by
adding Gracilaria corticata algae powder to ice cream, the pH of the samples increased.
Therefore, the reduction of acidity in samples enriched with algae was expected. The
results of the current investigation are consistent with the earlier work of Mudannayake
et al. [35]. They checked the effect of different concentrations of Kappaphycus alvarezii
seaweed powder on ice cream features. They deduced from their investigations that
adding Kappaphycus alvarezii seaweed powder to ice cream reduced acidity. On the other
hand, the findings of this research conflicted with those of other studies [22, 39, 40]. For
instance, Malik et al. reported the acidity of ice creams supplemented with spirulina
powder to be between 0.20 and 0.25 % lactic acid [40]. The reason for the enhancement
in the acidity of ice cream containing Spirulina was attributed to the presence of high
amounts of protein and minerals in this alga. Similar outcomes were observed in the
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research of Boyanova et al. on the acidity of ice cream enriched with Spirulina platensis
algae powder [22]. Jadhav and Chawla also observed enhanced acidity in ice creams
supplemented with spirulina algae powder [39].

According to another part of the results, the acidity of different ice cream samples
significantly increased with the increase in storage time (p < 0.05). The decrease in pH
during storage may be the cause of the rise in acidity. These results are consistent with
the findings of Singh et al. [41].

For ice cream, the pH value is crucial for preserving the stability of the mixture [42].
Typically, ice cream has a pH of 6 - 7. The quantity of acids present in any ice cream
sample is measured by its acidity. The normal ice cream acidity is 0.198 % [32].
Excessive pH makes the protein soluble, which weakens the emulsion stability.
Furthermore, excessive acidity is undesirable since it inhibits development, thickens the
ice cream's texture, and produces disagreeable tastes [42]. Since, in the present research,
pH and acidity values are within acceptable ranges, Gracilaria corticata algae powder
has great potential in the dairy industry for fortifying ice cream.

M Control M 0.5 % algae 1% algae
0.25
Aa
0.20 - A1b Aa Aa
Ab
. Ac

AC b Ac Ab Ac 1

0.15 A I I
Acidity (LA)
0.10 4
0.05 4
0.00 - T T
0 20 40 60

Storage time (day)

Figure 2. Changes in the acidity of different ice cream samples during storage
Dissimilar lowercase letters indicate significant changes in the acidity of each treatment during the storage
period (p < 0.05). Dissimilar capital letters indicate significant changes in the acidity of different treatments at the
same point in the storage period (p < 0.05)

Overrun is one of the parameters that affect the quality of the product [22]. In addition,
one of the most crucial factors in the manufacturing of ice cream is overrun, which can
impact the financial gain. The amount of earnings increases with the overrun level [42].
This parameter refers to the increased volume of the ice cream mixture resulting from the
incorporation of air during the mixing and freezing processes within an ice cream maker
[3, 37]. As seen in Figure 3, adding Gracilaria corticata powder significantly increased
the amount of overrun of ice cream (p < 0.05). The highest amount of overrun (45 %) is
related to the sample containing 1 % Gracilaria corticata powder, and the lowest (24 %)
is related to the control sample. Protein can make ice cream softer and more consistent.
When Gracilaria corticata powder is incorporated during homogenization, the foam
volume produced can be higher than when it is not incorporated. Incorporating protein-
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rich ingredients into ice cream may result in more air being trapped inside the dough,
which would raise the volume of the foam [37]. The presence of compounds such as
polysaccharides in Gracilaria corticata can increase the viscosity of the mixture. A higher
viscosity allows air bubbles to be held more effectively in the ice cream structure, which
helps to increase the overrun [4]. On the other hand, polysaccharides (gums) extracted
from Gracilaria corticata algae have emulsifying and stabilizing attributes, which affect
the increase of ice cream overrun [4, 43]. Overrun’s changes in the present study were
similar to the findings of other researchers [3, 22, 37, 40]. For example, Malik et al.
reported the overrun of ice creams containing spirulina powder between 90.6% and
0.95%. The reason for the increase in the overrun of ice cream supplemented with
spirulina was attributed to the surface-active features of the protein and fat content in
microalgae [40]. Similar results were observed in the study of Bajestani et al. in ice cream
containing Spirulina platensis algae biomass [3]. Agustini et al. considered the high
protein content of Spirulina platensis as the reason for the increase in the amount of
overrun in ice cream containing this alga [37]. Boyanova et al. enhanced the overrun of
ice cream enriched with Spirulina platensis because of its high ability to foam and
emulsify the lipids and proteins in algae, which aids in creating and maintaining dispersed
gas, or integrated air [22]. Therefore, as mentioned in the review of sources, spirulina
algae contain protein and fat, which may explain the increased overrun content of ice
creams containing this alga. In the present study, the presence of protein in Gracilaria
corticata algae is considered to be one reason for increasing the moisture content of ice
cream. In addition, the presence of carbohydrates in this alga increases the moisture
content of ice cream.

Control 0.5 % algae 1% algae

50

>

45
40

35

—w

30

Overrun (%)

25

i

20
15
10

5

0o — B N

Figure 3. The effect of adding Gracilaria corticata algae powder on the amount of

overrun in ice cream
Dissimilar letters indicate significant differences (p < 0.05)

One of the crucial characteristics of frozen dairy goods is the meltdown [32]. It is
influenced by some elements, such as the amount of air added, ice crystals, fat globule
networking, amount of product water, ice cream mix composition, and consistency of the
ice cream mix [44 — 46]. For consumers, the melting rate is crucial since rapidly melting
ice cream might result in an unfavourable experience when consumed [47]. In addition,

294 St. Cerc. St. CICBIA 2026 27 (3)



EVALUATION OF PHYSICAL, CHEMICAL, AND SENSORY CHARACTERISTICS OF ICE CREAM CONTAINING
MACROALGAE GRACILARIA CORTICATA DURING STORAGE

fast-melting ice cream is less resilient to heat shock, but high-quality ice cream melts
more slowly [32].

According to Figure 4, by adding Gracilaria corticata macroalgae powder to the ice
cream formulation, the melting rate of the ice cream was significantly reduced
(p < 0.05). In other words, the melting resistance of ice creams enriched with Gracilaria
corticata algae powder increased compared to the control ice cream. The reason for the
decrease in melting rate with the addition of Gracilaria corticata algae powder can be
attributed to the presence of compounds that have a high water absorption capacity and
cause an increase in viscosity [7, 38]. Increasing the number of carbohydrates and
proteins, or in other words, hydrophilic functional groups, converts more free water into
water of hydration. This, in turn, increases the viscosity in the unfrozen phase of ice cream
and enhances its resistance to melting. Additionally, salts also contribute to the resistance
to melting by increasing the stability of the emulsion [47]. Thus, more time is required
for the water to diffuse in this phase, as well as its flow from the inside to the outside of
the ice cream, and then drip through the holes in the metal mesh used in the experiment
[48]. Another reason for the increased resistance to melting ice cream can be attributed to
the increase in the overrun of ice cream. The results of this research were aligned with
the findings of other studies. Malik et al. stated that the inclusion of Spirulina algae
powder noticeably decreased the melting rate of ice cream samples.

M Control W 0.5 % algae 1% algae

25
20 1
15 S
Melting rate
10 | Cf
5 -
0 T
0 20 40 60

Storage time (day)

Figure 4. Changes in the melting rate of different ice cream samples during

storage
Dissimilar lowercase letters indicate significant changes in the melting rate of each treatment during the
storage period (p < 0.05). Dissimilar capital letters indicate significant changes in the melting rate of different
treatments at the same point in the storage period (p < 0.05)

The reason for these results was attributed to the water, protein, and fat absorption
capacity of Spirulina algae [40]. Additionally, Spirulina’'s high protein value might help
stabilize the air cells and increase their melting resistance. Similar outcomes were found
in the study of Boyanova et al. in ice cream containing Spirulina platensis algae powder
[22]. Agustini et al. observed that high levels of Spirulina platensis algae powder
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incorporation raised the melting resistance of ice cream samples [37]. Jadhav and Chawla
obtained similar results and stated that the melting resistance of ice cream was enhanced
by increasing the amount of Spirulina algae powder [39]. Bajestani et al. also reported
that as the level of Spirulina platensis algae biomass increased, the resistance to melting
of ice cream was enhanced [3]. During the storage period, the melting rates of ice creams
did not significantly decrease (p > 0.05).

One of the main factors determining whether a product is accepted or rejected by
consumers is its color [32]. The L* parameter represents the amount of blackness and
whiteness of the sample. Parameter a* shows the intensity of the green-to-red color of the
sample, and parameter b* also shows the intensity of the appearance of blue or yellow
color in the sample [30]. Data related to the color of ice cream enriched with Gracilaria
corticata are shown in Figure 5. The results showed that at the same stages of storage, the
addition of Gracilaria corticata powder significantly reduced the L* value (p < 0.05). In
other words, with the increase in the amount of Gracilaria corticata powder in the ice
cream formulation, the lightness index decreased, which could be due to the dark color
of the macroalgae. The findings of the present research are in general agreement with
those of Tiepo et al., who found that with the incorporation of Spirulina platensis algae
in ice cream, the value of L* decreased [49]. The results of the present study were
inconsistent with the findings of Durmaz et al.'s study [23]. They reported that increasing
the levels of the Diacronema vlkianum, Porphyridium cruentum, and Nannochloropsis
oculata microalgae species has no noticeable impact on the L* value of ice cream. In this
research, the a* values of all the samples were in the range of positive numbers, and their
value decreased with the addition of Gracilaria corticata powder. This indicates the
reduction of the redness of the samples and their tendency toward a green color. The
reduction of red color in ice cream containing Gracilaria corticata macroalgae with
increasing algae concentration is due to its color properties and chemical compounds.
This macroalga has phycobiliprotein pigments that include phycoerythrin (red pigment)
and phycocyanin (green-blue pigment). At low concentrations, the effect of the red color
is dominant. However, with an increase in algae concentration, the impact of phycocyanin
pigments becomes more visible, resulting in a tendency toward a green color or a decrease
in the intensity of the red color [50]. Similar results were obtained by Tiepo et al. because
of adding Spirulina platensis algae to ice cream on the value of a* [49]. The findings
conflicted with the results of Durmaz et al. They stated that with increasing levels of
microalgae  species Diacronema vlkianum, Porphyridium cruentum, and
Nannochloropsis oculata from 0.1 to 0.3 %, the value of a* decreases. In terms of the b*
value, by adding Gracilaria corticata powder, its value increased significantly (p < 0.05)
[23]. In other words, by adding Gracilaria corticata powder to the ice cream formulation,
the yellowness of the samples increased. As mentioned, this alga contains the pigment
phycoerythrin. It also contains carotenoid pigments [50]. Therefore, increasing the value
of yellowness in ice cream color by adding higher concentrations of Gracilaria corticata
macroalgae can be related to the presence of these natural pigments in this alga. The
results of this study were consistent with the outcomes of Durmaz et al.'s study and
contradicted the findings of Tiepo et al.'s study [23]. In addition, the color of the ice cream
was not significantly impacted by the storage period (p > 0.05) [49].
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Figure 5. Changes in color values: (a) L* value, (b) a* value, (c) b* value of

different ice cream samples during storage
Dissimilar lowercase letters indicate significant changes in the color value of each treatment during the
storage period (p < 0.05). Dissimilar capital letters indicate substantial changes in the color value of different
treatments at the same point in the storage period (p < 0.05)
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The results of adding different concentrations of Gracilaria corticata algae powder to the
total phenol content of ice cream samples during storage are shown in Table 2. The results
showed that the total phenol content of ice cream samples increased significantly with an
increasing percentage of Gracilaria corticata algae powder compared to the control
sample (p < 0.05). The reason for the increase in total phenolic content in ice cream
samples containing different percentages of Gracilaria corticata algae powder can be
attributed to the high amount of phytochemicals and biologically active substances such
as catechin, coumaric acid, luteolin, sinapic acid, fucoxanthin, gallic acid, and other
phenolic compounds [7]. The results of the present study are in line with those of Durmaz
et al., who reported a significant enhancement in the total phenolic content of ice cream
enriched with Nannochloropsis oculata, Porphyridium cruentum, and Diacronema
vlkianum microalgae species [23]. The findings of the current research are also in
agreement with the earlier conclusions of Boyanova et al., who studied the effect of levels
of Spirulina platensis powder on the TPC of ice cream and concluded a significant
increase (24.4 — 43.7 %) in total phenolics [22].

As for storage, the table makes it clear that storage had varying effects on the ice cream'’s
total phenolic content. A notable rise was observed on day 20 of storage. Nevertheless,
on the 60th day of storage, a slow drop in TPC was observed. The reduction in phenolic
compounds in ice cream during storage may be attributed to oxidation and chemical
degradation [51]. Additionally, phenolic compounds may react with other components in
ice cream, such as proteins and carbohydrates, reducing their bioavailability. These
reactions can lead to a decrease in the concentration of phenolic compounds during
storage [52]. The findings of the current research align with the observations made by
Shamshad et al., who noted a substantial reduction in the TPC of ice cream supplemented
with microencapsulated anthocyanins from black carrots over a storage period of 60 days
[32].

Table 2. Total phenol content of different ice cream samples
Total phenol content Storage time [day]

[mg GAE/100 g] 0 20 40 60
Control 363+0.15% | 400+0.10% | 4.00+0.20 % | 3.76+0.11 o
0.5 % algae powder | 4.23+0.118 | 450+0.10% | 4.40+0.17% | 4.26+0.20 %
1% algae powder | 4.60 £0.10% | 450+ 0.10 A | 4.40 +0.10 A% | 4.30 +0.10 A°

Dissimilar lowercase letters in each row indicate significant differences (p < 0.05).
Dissimilar capital letters in each column indicate significant differences (p < 0.05).

The effects of adding different concentrations of Gracilaria corticata algae powder on
the antioxidant activity of ice cream samples during storage are shown in Table 3. The
results showed that adding Gracilaria corticata algae powder to ice cream samples
significantly increased antioxidant activity (p < 0.05). The strong antioxidant potential in
ice cream with the addition of Gracilaria corticata algae powder is attributed to the
presence of compounds with high antioxidant activity, such as catechin, coumaric acid,
and phloroglucinol, in this macroalgae [7]. The results of the present study are in line with
those of Szmejda et al., who reported a significant increase in the antioxidant activity of
ice cream enriched with Spirulina (Arthrospira platensis) extract [34]. These researchers
stated that the main reason for the antioxidant activity of ice creams containing Spirulina
algae extract is the presence of phycocyanin in the algae’s biomass. The findings of the
present study also align with the earlier conclusions of Bajestani et al., who studied the
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impact of Spirulina platensis microalgae extract on the antioxidant activity of ice cream
and reported a noteworthy increase in antioxidant activity [3]. On the other hand, our
results were consistent with the findings of Mudannayake et al. [35]. These researchers
examined the effect of different levels (0, 0.5, and 1 %) of Kappaphycus alvarezii
macroalgae powder on the DPPH of ice cream. They found that as the level of macroalgae
increased, the DPPH value increased noticeably from 10.75 + 1.91 to 16.54 + 3.61 %.
Regarding the storage period, no significant change was observed in the antioxidant
activity of the samples (p > 0. 05). Seaweeds are abundant in antioxidants, which serve to
continually eliminate free radicals and diminish oxidative stress, diabetes, cardiovascular
disease, aging, and cell damage [7]. Therefore, fortifying ice cream with antioxidant
compounds provides health benefits.

Table 3. Antioxidant activity of different ice cream samples

DPPH [% of free Storage time [day]
radical scavenging] 0 20 40 60

Control

21.10+0.26 B2

22.60 +1.157

2246+ 1.17 "

21.66 +0.11 7

0.5 % algae powder

22.73+£1.20 4

23.33+1.06 A

23.33+1.06 A

23.33+1.06 A

2314+ 1.1

23.33+1.15"

23.20 +1.03 A

23.10 +1.03 A

1 % algae powder
Dissimilar lowercase letters in each row indicate significant differences (p < 0.05).
Dissimilar capital letters in each column indicate significant differences (p < 0.05).

The overall acceptability of foodstuffs by people and the commercialization of goods are
significantly influenced by sensory characteristics [3, 53]. The scores related to the
hedonic sensory characteristics of the ice cream during storage, in terms of flavor and
aroma, odor, color, melting rate, coldness, and overall acceptance, are presented in Table
4. The results showed that adding Gracilaria corticata algae powder to the ice cream
formulation significantly increased the aroma and flavor scores (p < 0.05). Because
Gracilaria corticata algae powder contains natural aromatic compounds and bioactive
substances like antioxidants and polysaccharides, and interacts with other ingredients in
the formulation, it may improve the flavor and aroma scores of ice cream. The findings
of this study are consistent with those of Jadhav and Chawla, who found that adding
powdered Spirulina algae to vanilla ice cream increased its flavor score [39]. The results
of another research also showed that increasing the amount of Spirulina platensis algae
biomass added to ice cream increased the flavor of the ice cream [3]. In contrast, the
findings did not agree with those of Malik et al. They found that as the concentration of
Spirulina algae powder increased, the ice cream flavor score declined [40]. These
researchers concluded that a bland, oily flavor was the cause of the decline in flavor scores
as the concentration of Spirulina algae powder increased. The findings of the current
research also contradict those of Agustini et al., who investigated the impact of Spirulina
platensis algae powder levels on the scent score of ice cream and found a reduction [37].
Regarding color, the results showed that adding Gracilaria corticata algae powder to the
ice cream formulation significantly decreased the color score (p < 0.05). This finding
implied that panelists favored a paler shade of red (the ice cream containing Gracilaria
corticata algae powder was dark red). Because Gracilaria corticata algae powder
contains red pigment (phycoerythrin), incorporating more of it resulted in a darker red ice
cream [50]. The results of the current study are in line with those of Agustini et al., who
found that adding powdered Spirulina platensis algae to ice cream reduced its color score
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[37]. Also, similar outcomes were obtained by Durmaz et al. These researchers reported
that as the amount of microalgae Diacronema vlkianum and Porphyridium cruentum
increased, the color score of the ice cream samples decreased [23]. However, they
observed a decline in the color score of ice cream samples as Nannochloropsis oculata
algal levels increased, which is inconsistent with our study's findings. The reason for this
discrepancy in the results of these researchers is the type of algae species used. In terms
of color, melting rate, coldness, and overall acceptance, no significant difference (p >
0.05) was observed among all samples of ice cream. In other words, it can be concluded
that the addition of Gracilaria corticata algae powder to ice cream samples did not impact
these sensory parameters.

According to another part of the findings, increasing the storage time did not have a
significant effect on the aroma and flavor parameters (p > 0.05), while other sensory
properties examined (odor, color, melting rate, coldness, and overall acceptance)
decreased significantly (p < 0.05). The increased susceptibility of ice cream's odor, color,
melting rate, coldness, and general acceptability to environmental factors such as
oxidation, recrystallization, and structural alterations during storage results in notable
variations in these characteristics. However, because volatile chemicals and flavorings
are more stable at low temperatures, flavor and aroma did not exhibit any notable
alterations. During storage, Murtaza et al. observed a progressive decline in scores for
every sensory attribute of ice cream samples. Also, Singh et al. observed a decrease in
scores for all the sensory features of ice cream samples during storage [41, 54].

Table 4. Sensory evaluation results of different ice cream samples during storage

The algae| Flavor and Overal

Days [% ]g aroma Odor Color Coldness acceptance
0 5.7 +0.67 B2 57+0678 | 70+081" | 6.6+0.96" 6.1+0.56"

0 0.5 6.3+0.677 | 6.3+0.677% | 6.2+0.637 | 65+143/ [65.8+1.13"2
1 6.7 £1.05 A2 6.7+105% | 58+1228 | §2+1.034 |7.00+1.05%
0 5.7 +0.67 Ba 57+0.678 | 6.4+0514% | 63+0.674 56+1.17A®
20 0.5 6.9+114 69+1.14 |59+05678 | 59+1.19 |63 +0.94A®
1 6.7 +£1.05 42 6.7+1.05% |[54+1.01758 | 58+0.63* |6.6+1.0742
0 6.0 £0.94 A2 6.0+0.944 | 59+0.73A | 58+0.914 |5.3+0.94A®
40 0.5 6.3+1.174 6.3+1.1742 |53+ 1.054% | 54+ 1.074% |57 + (.82 A%
1 6.5+ 1.08 A 6.5+1.08% | 49+0.878 | 54+0.84° |60+ 1.154%

0 52+1.15% 52+1.15% | 51+110A° | 53+1.074" [48+1.074

60 0.5 6.1+ 1.524a 6.1+152% | 52+1134A | 49+0.877 | 55+16°
1 5.8+1.614 58+1614|48+0914 | 51+1664 [50+£0.94A0

Dissimilar lowercase letters in each row indicate significant differences (p <0.05).
Dissimilar capital letters in each column indicate significant differences (p <0.05).

CONCLUSIONS

The study demonstrated that the inclusion of Gracilaria corticata algae powder
significantly increased the values of dry matter, protein content, overrun, total phenolic
content, and antioxidant activity. The algae powder enhanced the melting resistance of
ice cream by reducing the melting rate. While the pH of treatments with Gracilaria
corticata was higher than that of the control, storage time led to a reduction in pH and an
increase in acidity. Gracilaria corticata algae powder impacted the color of ice cream,
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reducing L* and a* values while increasing b*. Also, storage time had no significant
effect on color properties. Flavor and aroma scores improved by incorporating Gracilaria
corticata algae powder, indicating enhanced sensory appeal. However, adding algae
powder reduced color scores and had no significant impact on odor, melting rate,
coldness, and overall acceptance. While flavour and aroma scores were stable during
storage, other sensory attributes declined. Overall, the results of the present study showed
that adding 0.5 % of Gracilaria corticata algae to ice cream improved some
physicochemical properties and some sensory characteristics. Further studies could be
effective in better understanding the role of macroalgae and their application in the
preparation of functional products.
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