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Abstract. Noodles are popular food products among Indonesian citizens.
The development of noodles with the addition of functional ingredients may
increase the health benefits and nutritional value of noodle products. The
study investigated the effect of adding Chlorella and Spirulina powder on
the physicochemical properties and sensory acceptance of noodles. The
dried noodles were partially substituted by mocaf flour, with the ratio
between wheat flour and mocaf flour at 70:30. Then,
the Chlorella or Spirulina powder was added to the noodles dough at
concentrations of 1% and 2% by dough total weight. The effect
of Chlorella and Spirulina addition to the samples was analyzed through
color, proximate, total carotenoids, and consumer acceptance by hedonic
test. ~The results showed that adding 1% and 2%
of Chlorella and Spirulina powder increased the green color intensity,
moisture, ash, protein, lipid, and total carotenoids, while carbohydrate
content decreased. Sensory acceptance was lower at 2% addition; however,
the acceptance before and after substitution with Chlorella or Spirulina
powder was not significantly different. The results suggested that
adding Chlorella and Spirulina at 1% and 2% concentrations could increase
the overall nutrients without changing the sensory acceptance of mocat-
dried noodles.

1 Introduction

Noodles are popular food product in Indonesian which consume by people across ages,
including children, teenagers, and adults. The attraction of noodles is attributed to the
appearance, texture, and taste. Besides, noodles are often used as rice replacement because
the carbohydrate content is relatively high. Based on the processing stage, noodles can be
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categorized into five types: raw, wet, dry, fried, and instant [1]. According to the data
from World Instant Noodles Association (WINA), the consumption of instant noodles in
2021 in Indonesia achieved 13.27 billion portions with the market size around US$3.03
billion [2].

Currently, most of commercially available noodles are generally made from wheat
flour as the main ingredient. In addition, the use of wheat flour for noodle products in
Indonesia reaches 55%, while the remaining amount is 28% for bread products and 17%
for several types of cakes [3]. Several noodles producer start to use local ingredients as a
substitute for wheat flour, such as mocaf flour, to reduce the use of wheat flour, which is
still imported from other countries. Mocaf flour (Modified Cassava Flour) is a cassava
flour product that is fermented aerobically, resulting in changes in characteristics such as
viscosity (adhesion), rehydration ability, solubility, higher soluble fiber content, and a
softer texture compared to ordinary cassava flour [4]. The best substitution ratio for wheat
flour and mocaf flour used to make dry noodles is 75:25 [5].

Noodles are high in carbohydrates but low in vitamins, minerals, and fiber. Therefore,
the noodle producers often add fruit or vegetable extract to fortify the nutrition of
noodles products. Several previous research, fortifying the noodles product with spinach
[6,7], carrot 8], dragon fruit [9], and mustard [10]. The addition of vegetables and fruit
extract improves the noodles nutrition. The substitution of spinach flour in noodles
increased the protein content, ash content, and antioxidant status [6,7]. At the same time,
noodles containing mustard have a higher amount of minerals [10]. The addition of
dragon fruit and carrot in noodles also increased the antioxidant status of the product
because of the increment of vitamin C and beta-carotene in the noodles [8,9].

In our study, microalgae as a functional ingredient were added to the noodles.
Microalgae are single-celled microorganisms that can be developed as functional food
ingredients that positively influence human health [11]. Various studies have proven that
regular microalgae consumption can positively affect the human body, such as lowering
blood pressure, improving the immune system, and increasing blood fluidity and
circulation [12]. Chlorella sp. and Spirulinasp. are commercially cultivated and widely
used as supplements [13]. Chlorella and Spirulina's nutritional content is complete,
including polysaccharides, phytosterols and unsaturated fatty acids, protein, and essential
amino acids, various vitamins and minerals, phenolic components, and pigments [14].
These two microalgae species are widely marketed as capsule, tablet, liquid, and powder
supplements [15]. Thus, adding the Chlorella and Spirulina may increase the nutritional
value of the noodles product.

In general, the use of microalgae is still limited to health supplements and is rarely
applied to food products. Microalgae have the potential to be used in the noodle
fortification process because they have complete nutritional content and are easy to
cultivate [16,17]. The study aimed to investigate the physicochemical and sensory
characteristics of dry mocaf noodles substituted with Chlorella vulgaris and Spirulina
platensis powder at 1% and 2%. Adding Chlorella and Spirulina powder to dry mocaf
noodles is expected to increase the nutritional value of noodle products. The addition of
dry biomass of microalgae also promotes the food diversification of Indonesia's local
ingredients.
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2 Methodology

2.1 Formulation and sample preparation

The formula of mocaf noodles was composed of wheat flour and mocaf flour with a
composition ratio of 70:30. To make the Chlorella/Spirulina noodles, the pre-mix flour
was added with Chlorella powder or Spirulina powder at the percentage of 0% (control),
1%, and 2% of the total weight of the ingredients. The composition of other ingredients,
such as salt, sodium bicarbonate, sodium tripolyphosphate, and water, was the same
(Table 1).

First, the dry ingredients were measured and then mixed. The dry ingredients mixture
was stirred for 2 — 3 minutes (pre-mixing) and then added with water. The dough was
stirred until smooth, then left to rest for 30 minutes. Later, the dough was put into a
noodle maker to form sheets of dough until the thickness reached 1.5 — 2.2 mm. The
dough sheets were then inserted into the slitter section to form the dough into strands of
noodles. Next, the noodles were steamed for 15 minutes at 100°C and cooled for 5
minutes. Finally, the cooled noodles were placed in a baking dish and then dried in the
oven at 60°C for 5 hours to produce dry mocaf noodles.

Table 1. The formulation of dry noodles with addition of Chlorella and Spirulina powder

Ingredients Control 1% Chlorella 2% Chlorella 1% Spirulina 2% Spirulina

Wheat Flour 45.5 44.5 43.5 44.5 43.5

Mocaf Flour 19.5 19.5 19.5 19.5 19.5
Chlorella powder 0 1 2 0 0
Spirulina powder 0 0 0 1 1
NaHCO3 0.1 0.1 0.1 0.1 0.1
STPP 0.4 0.4 0.4 0.4 0.4

Salt 1.5 1.5 1.5 1.5 1.5
Water 33 33 33 33 33

2.2 Color analysis

Color analysis was carried out using a Portable Colorimeter 3nh NH310. Before color
measurement, the dried noodles were cooked for 3 minutes, rinsed with running water
and drained. The colorimeter was calibrated and brought close to the container
containing the noodles samples. The color measurement will produce L*, a*, and b* values.
The measurements were carried out in three repetitions (triplo).
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2.3 Proximate analysis

The proximate analysis was performed on cricket flour-enriched cookies using
standardized methods established by the Indonesian National Standard (SNI) 01-2891-
1992 as previously described by Tedjakusuma er al [18]. The moisture content was
measured by gravimetry following oven-drying at 105°C for 3 hours. The ash/mineral
content was determined by gravimetry after calcination at 550°C for 4 hours. The fat
content was analyzed using Soxhlet apparatus with hexane as the solvent at 55°C. The
protein content was analyzed using Kjehldahl method. The carbohydrate content was
analyzed by difference.

2.4 Total carotenoid analysis

The total carotenoid content was determined using AOAC 938.04 as previously described
by Fadila & Widyaningrum [19]. A total of seven different concentrations of 3-carotene
standard solution of 0.05 mg/L, 0.75 mg/L, 1.50 mg/L, 2.25 mg/L, 3.00 mg/L, 3.75 mg/L,
and 4.50 mg/L was used as the standard curve. The absorbance was measured at 436nm.
Total carotenoids were determined using a standard calibration curve with the line
equation y = bx + a using Equation (1).

A-a
@) _ Txvxfp
kg

1)

Total carotenoid ( =—2——
sample weight (g)

Notes:

A = Sample absorbance

a = Intercept of the standard calibration curve
b = Slope of the standard calibration curve

V = Final volume of sample solution (ml)

fp = Dilution factor

2.5 Organoleptic analysis

An organoleptic test was conducted on 30 untrained panelists aged 16 — 30 years,
requiring the understanding of each panelist of test procedures. Each noodle sample has
been assigned a three-digit random code. The samples were immediately cooked before
the organoleptic test. Panelists were asked to rate all samples based on their level of liking
for each sensory characteristic, which included color, aroma, texture, taste, aftertaste, and
overall. The scale used in this test was (1) dislike very much, (2) dislike very much, (3)
dislike, (4) somewhat dislike, (5) neutral, (6) somewhat like, (7) like, (8) like very much,
and (9) like very much.

2.6 Statistical analysis

The data were statistically analyzed using IBM SPSS Statistics version 25 software with
the One-Way ANOVA method, then continued with the Duncan Multiple Range Test
(DMRT) if there were significant differences. The significance level used is « = 0.05.
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3 Results and discussion

3.1 Color analysis of Chlorella and Spirulina dry noodles

The noodles were boiled before color analysis using a colorimeter to measure the L*, a*,
and b* values. The L* value is the brightness intensity, the a* value is the red (positive) /
green (negative) color intensity, and the b* value is the yellow (positive) / blue (negative)
color intensity. Table 2 showed that the increasing concentration of Chlorella and
Spirulina powder led to a significant decrease in the L*, a* and b* values, with a
particularly notable reduction in the L* value. The decrease in a* and b* values for noodles
added with Chlorella powder was significant compared to the control sample but
insignificant between 1% and 2% concentrations. For the dry noodles added with
Spirulina powder, the decrement values in a* and b* were significant in each formulation.
Moreover, adding Spiru/inapowder in noodles was likely to cause a more significant color
change in noodles substituted with Spirulina powder than those substituted with
Chlorella powder.

The green and darker color of the noodles comes from the chlorophyll pigment
contained in Chlorella and Spirulina [20]. Besides, the heating process can also activate
the chlorophyllase enzyme, which degrades chlorophyll so that the color of the noodles
becomes darker [21]. Ozyurt et al [22] reported the color change in pasta products by
adding 5-15% Spirulina concentration. The greener color resulted from the higher
concentration of Spirulina. Adding Chlorella sorokiana biomass in the 2.5-7.5%
concentration produced pasta products with higher chlorophyll content, affecting the

final color [23].
Table 2. Color characteristic of dry noodles with addition of Chlorella and Spirulina powder.

Samples L* a* b*
Control 75.62+1.61¢ 4.3340.56°¢ 16.05+1.12°¢

1% Chlorella 48.73+1.68° -1.3140.18° 7.8+0.83%

2% Chlorella 42.2540.35b -1.6140.06° 7.4+0.28%

1% Spirulina 50.08+0.47¢ -1.3840.10° 6.44+1.12°

2% Spirulina 40.09+1.08* -2.30+0.17* 3.88+0.452

Different superscripts letters indicate a significant difference (p<0.05) based on the DMRT test

3.2 Proximate analysis of Chlorella and Spirulina dry noodles

The proximate analysis measured the water, ash, protein, fat, and carbohydrate content
in noodles samples. Adding the Chlorella or Spirulina powder at the concentration of 1%
and 2% changed the proximate composition of the products (Table 3). Regarding the
water content parameters, there was a significant increase in water content in the
noodles, along with the addition of the concentration of Chlorella and Spirulina powder.
Noodles added with Chlorella powder have a higher water content than noodles added
with Spirulina powder. A similar result was reported by Fradique er a/ [24], in which a
greater increase in water content resulted in noodles added with Chlorella compared to
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Spirulina. Chlorellaand Spirulinaare hygroscopic microalgae, so the addition of Chlorella
or Spirulina powder produced noodle dough with quite good water-binding abilities
[25,26]. Adding high-protein raw materials such as Chlorella and Spirulina powder could
increase the water content in the dry noodle products produced, so the water content
also increases [20,27]. Efforts can be made by increasing the drying duration in the
noodle-making process so that the water content in the product being made complies
with the quality requirements in SNI 8217:2015.

Table 3. Proximate of dry noodles with addition of Chlorella and Spirulina powder.

Protein
Samples Water (%) Ash (%) %) Fat (%) Carbohydrate (%)
0
d
Control  13.54+£0.15*  2.74+0.01°  7.72+0.11*  0.30£0.01 75.68+0.26
1% 71.55+0.13b
16.14£0.180  2.90+0.07¢  822+0.13%  1.18+0.01¢ : :
Chlorella
2% 68.37 +0.35
18.90£0.18°  2.90£0.09  8.34+0.08°  1.50+£0.01° : :
Chlorella
1% 73.93+0.03°
14.18£0.18>  2.80+0.02>  874+0.17°  0.35:0.00° 93%0.
Spirulina
2% 71.8640.33
15.68£0.19°  2.96+0.04°  9.08£0.12¢  0.42+0.14° -86+0.
Spirulina

Different superscripts letters indicate a significant difference (p<0.05) based on the DMRT test

Adding Chlorella and Spirulina powder into dry mocaf noodles caused a significant
increase in ash content (Table 3). However, the ash content in dry mocaf noodles with
1% Chlorella and 2% Chlorella formulations was insignificant. In noodles substituted
with Spirulina powder, an increment of ash content was associated with adding higher
Spirulina powder in noodles. Similar results were reported by Fradique er al [24], in
which the ash content in noodles was increased positively correlates with the increment
of substituted at the concentration of 0.5-2% Chlorella or Spirulina biomass. The ash
content of Spirulinaand Chlorella powder is higher than wheat flour. In dry weight, the
ash content in Chlorella powder, Spirulina powder, and wheat flour is 9% [28] and 11%
[29]. and around 0.55-0.7% [30]. Therefore, the higher ash content in Spirulina and
Chlorella dry noodles was likely influenced by the high ash content from Spirulina and
Chlorella powder.

The increment of protein levels in dry mocaf noodles positively correlated with
higher addition of Chlorellaand Spirulina concentrations. The protein levels in all noodle
formulations added with Chlorella and Spirulina powder significantly differed from the
control. The protein content of noodles with the 1% Chlorella formulation was not
significantly different from the 2% Chlorellaformulation. On the other hand, the protein
content of noodles with the 1% Spirulina formulation was significantly different from
the 2% Spirulina formulation. Similar results were reported in research by Fradique et al.
[24], where adding Spirulina and Chlorella biomass caused a significant increase in
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protein levels. The study also reported that a small percentage of substitution of wheat
flour with Spirulina and Chlorella powder (0.5-2%) did not cause a significant increase
in protein levels between formulas. According to Kumoro et a/ [31] and Salim [4], the
protein content in wheat (9.9%) and mocaf (1.2%) is much lower than Chlorella powder
(49.8%) and Spirulina (59.4%). Substitution of wheat with mocaf reduced protein levels
in controls. Substitution of Chlorella and Spirulina powder improves the protein quality
of dry mocaf noodles. The lower protein content in formulations that added Chlorella
compared to Spirulinawas caused by the Chlorella protein content being lower compared
to the Spirulina protein content [32].

Fat content was increased alongside Chlorella and Spirulina powder concentration
increment in noodles. Besides, the higher fat content resulted from the addition of
Chlorella powder in noodles compared to that from the addition of Spirulina powder
(Table 3). The fat content of Chlorella biomass is 18.2% of dry weight, while the fat
content of Spirulina sp. is 7.1% of dry weight. Therefore, the addition of Chlorella
resulted in a higher increment of fat content compared to the addition of Spirulina
powder in dry noodles. A similar result was reported by Kumoro et al. [31], which noodles
containing Chlorella biomass had a higher fat content than noodles containing Spirulina
biomass.

Adding Chlorella and Spirulina dry biomass into noodles caused the decrement of
carbohydrate content. The decrease in carbohydrate levels was negatively correlated
with adding the Chlorella and Spirulina concentration (Table 3). Higher addition of
microalgae biomass resulted in lower carbohydrate content in noodles. Besides, the
carbohydrate content in the noodle formulation added with Chlorella was lower than in
the formulation added with Spiru/ina. A similar result was reported by Kumoro ez al [31],
in which noodles added with Chlorella powder have lower carbohydrate content than
noodles added with Spirulina powder.

3.3 Carotenoid content in dry mocaf noodles added with Chlorella and
Spirulina

The total carotenoid content in dry noodles with Chlorellaand Spirulinawas significantly
higher than control. The total carotenoid content of control, 2% Chlorella noodles, and
2% Spirulina noodles were 0.36+0.01 mg/kg, 12.78 + 0.02 mg/kg, and 5.18+0.00 mg/kg
(Table 4). Besides, the increment of total carotenoid content along with the higher
addition of Chlorella and Spirulina in noodles. Agustini et al [33] also reported that
adding Spirulinainto noodles resulted in higher total carotenoid content. However, there
was no report about the effect of Chlorella addition on total carotenoid content in
noodles. Crude extract of Chlorella contains 1.52 mg/g carotenoid, which is higher than
the total carotenoid in Spirulina crude extract that reached 0.14 mg/g.

Table 4. Total carotenoid of dry noodles with addition of Chlorella and Spirulina powder

Samples Total Carotenoid Content (mg/kg)
Control 0.36+0.01*
1% Chlorella 5.73 £0.00¢
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2% Chlorella 12.78 £0.02¢
1% Spirulina 4.81+0.07°
2% Spirulina 5.1840.00°

Different superscripts letters indicate a significant difference (p<0.05) based on the DMRT test

3.4 Organoleptic test result of dry mocaf noodles added with Chlorella and
Spirulina powder

Opverall, there was no significant difference in acceptance levels for all formulations
except in the attributes of color and aroma. Noodles with the formulation of 1% Chlorella
addition had the highest acceptance. Besides, the lowest acceptance resulted from noodles
with a 2% addition of Spirulina (Table 5). A similar result was found in a study by Park
& Cho [34], in which 1% Chlorella addition provided a better acceptance rate than 2%
addition, even exceeding the control sample. The study of Hussein er a/ [35] suggested
that increasing the concentration of Spirulina addition resulted in a decrease in the
acceptance rate of noodles.

The decrement of acceptance at a greater concentration of Spirul/ina addition was
likely due to the color of the final product becoming darker (indicated by the L* value)
so that they become less attractive. In addition, increasing the concentration of Spirulina
addition was likely to cause the aroma of Spirulina to become quite dominant, namely
resembling seaweed (a bit fishy) or resembling green vegetables [36,37] and bitter
aftertaste [38].

Tabel 5. Acceptance score in dry mocaf noodles added with Chlorellaand Spirulina

Sensory Attribute
Samples

Color Aroma Texture Taste Aftertaste Overall
Control 7.27+1.60°  6.87+1.25°  6.93£1.48° 6.93+£1.26° 6.63+1.89*  7.13+1.01*
1% Chlorella  7.00+1.36>  6.23+2.08® 7.13+1.20° 6.97£1.22* 6.70£1.42* 7.17+1.23%
2% Chlorella  6.67+1.42®°  6.57+1.38® 6.97+1.24* 6.47+1.28° 6.27+1.60° 6.50+1.31*
1% Spirulina  6.731.76°  6.67+1.73>  6.80+1.30° 6.93£1.51* 6.67+1.82* 6.83+1.56°

2% Spirulina  5.87£1.81*  570+£1.91* 6.77+1.43* 6.33£1.95* 6.07+2.08* 6.40+1.81*

Different superscripts letters indicate a significant difference (p<0.05) based on the DMRT test

4 Conclusion

Adding Chlorella and Spirulina dry biomass at 1% and 2% concentrations in dry mocaf
noodles changed the color and nutritional value of the product. However, it did not
negatively affect the overall sensory acceptance of the product. The results suggested that
noodles added with Chlorella and Spirulina powder had higher green intensity and
darker color. Besides, adding Chlorella and Spirulina increased the water, ash, protein,
fat, and carotenoid content. Incorporating the Chlorella and Spirulina dry biomass into
noodles products could be a solution for diversifying the microalgae-based food and
potentially increasing the nutritional value of noodles.
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