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Applications of potato flour nanoparticles in functional meatballs
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Abstract

The development of nanotechnology has the potential to improve the quality of food
ingredients. Sources of complex carbohydrates which are relatively abundant both in
quantity and type can potentially be used in the food industry. There are many
opportunities for developing such carbohydrates into nanoparticles. Nanoparticle
technology was developed to improve its characteristics thus increasing values and
benefits in the food industry. Potatoes are low in calories and fat, but high in fiber,
carbohydrates and protein. Nanoparticle potato flour can be used as a filler in restructuring
products. Meatballs are a product of processed restructured meat made from an emulsion
of protein, fat and water. This study aimed to evaluate the quality characteristics of beef
meatballs made using potato flour nanoparticles, as part of the development of processed
meat functional foods. The method used comprises a laboratory experiment with a
completely randomized design with 4 treatments and 6 replications. The characteristics of
beef meatball quality were based on physicochemical quality, fatty acid profile and
sensory evaluation. The results showed that the addition of potato flour nanoparticles had
a highly significant effect (P<0.01) on protein content from 11.63% to 14.43%,
carbohydrate from 17.79% to 20.93%, crude fiber from 0.65% to 0.99%, fat content from
9.93% to 8.09%, L (lightness) from 61.02 to 68.58, a* (redness) from 14.01 to 22.11, b*
(yellowness) from 36.07 to 46.19, and acceptance sensory score from 3.25 to 4.65. These
observations indicate that the addition of nanoparticle potato flour affects the chemical
characteristics of beef meatballs and that 3% nanoparticle potato flour can be used as a
filler, resulting in the best quality beef meatballs.

1. Introduction
Meatballs

are one of the most popular and

meatballs (Hafid et al., 2020); edamame flour for
meatballs produced with rejected duck meat (Prayitno et
al., 2022); and taro flour can be employed as a filler for

characteristic foods in Indonesia; the street snack known
as "Indonesian meatballs" (bakso) is a favorite of people
from all social classes (Rahardiyan, 2021). They are a
type of processed meat made using the restructured meat
method. Meat in its whole form is converted into small
pieces and then reformed (Fang et al., 2019). Meatballs
are made from an emulsion of protein consisting of meat,
water, and fat, together with salt, flour, and other
seasonings (Ran et al., 2020). Apart from meat, the main
ingredients in the formation of meatballs are fillers and
other optional ingredients. The use of fillers serves to
improve the texture of the product (Patriani and Apsari,
2022); jackfruit seed flour is used as a filler for beef
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mutton meatballs (Nuhriawangsa et al., 2021).
Restructured products combined with dietary fiber have
functional and nutritional purposes. Fiber is a
carbohydrate polymer of fruit and vegetables and will
affect the texture of the final product, improving its
functional properties. The incorporation of dietary fiber
in processed meat products also combines textural
characteristics such as juiciness with the ability to retain
water, thus reducing cooking losses. Complex
carbohydrates have healthy characteristics in the form of
diet, fiber and prebiotics, together with certain
physicochemical behaviors that can be used to improve
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the nutritional profile and technology of meat products.
It is well known that processed meat products lack
dietary fiber, so this can be added to products to make
them healthier. The characteristics of meatballs can be
assessed based on their ~ physicochemical,
microbiological, morphological and sensory properties.

Potatoes are one of the main foods in the world,
together with rice, wheat and corn. They can be easily
grown in tropical and sub-tropical regions and do not
require a large environment. The consumption of
potatoes is recommended because they are low in
calories, high in energy, and contain protein, vitamins
and minerals (Raidl, 2020). They are widely used in the
form of potato flour (Cui et al., 2018), which can be used
in food products to improve their functional and
nutritional properties. Health-conscious consumers
choose foods that are low in fat, low in sugar, low in
calories, contain no cholesterol, and are high in fiber and
protein (Giri and Sakhale, 2019). Potato flour is used in
making soups, cakes, donuts, pasta, and sauces, and can
be added as a sweetener, coloring or fragrance (Fazeli et
al., 2019). It can be beneficial and used by gluten-
intolerant consumers (Franco et al., 2020) and its
nutritional content can be employed in various processed
food formulations and can replace the function of wheat
flour (Li et al., 2017). Potatoes as a food ingredient are
rich in fiber and carbohydrates and high in protein, so
can fill muscle glycogen and stimulate protein synthesis
in human muscles (Kanter and Elkin, 2019). Over the
last few decades, nanotechnology has become
increasingly attractive to researchers engaged in the food
industry sector. It promises to revolutionize food
processing by reducing particle size and increasing
particle surface area (Singh et al., 2017). It can be used
to improve product quality: the form of nanoparticles
incorporated into processed products will improve their
functional properties, water-holding capacity, texture and
product emulsion. Hence, this study aimed to evaluate
the quality characteristics of beef meatballs made using
potato flour nanoparticles, as part of the development of
processed meat functional foods.

2. Materials and methods
2.1 Meatball ingredients

The main ingredient in the production of meatballs is
beef shank obtained from traditional markets. Other
optional ingredients include fried onion, tapioca flour,
salt, sugar, pepper, and ice cubes. Peeling and chopping
potatoes into small pieces is the first step in flouring
them. They are placed on baking sheets after being thinly
sliced. Preventing overcrowding enables rapid drying.
Ovens are set to 60+2°C for drying for a full day. After
being mashed, the dried potatoes are combined with
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nanoparticles using a high-pressure homogenizer (HPH)
and ground again using a dry mill. The amount of meat
used determines the percentage of potato flour added,
which is applied at levels of 1% (B1), 2% (B2), and 3%
(B3). A control treatment (B0) includes no addition of
potato flour nanoparticles. The preparation of the
samples for the meatballs refers to Widati et al. (2021)
with modifications. This laboratory experimental
research employed four treatments and six replications.
Finally, the production procedure of meatballs is shown
in Table 1.

Table 1. Formulation of beef meatballs with the addition of
nanoparticle potato flour.

Component (%) BO B1 B2 B3

Beef 70 70 70 70
Fried onion 4 4 4 4

Tapioca flour 10 10 10 10
Salt 3 3 3 3
Sugar 2 2 2 2

Pepper

Ice 10 10 10 10

Potato flour 0 | 2 3

2.2 Meatball preparation

The beef was cleaned and cut into 5 cm x 5 cm
cubes. It was then put into a meat grinder with ice cubes
and ground for 30 s. All the additional ingredients (fried
onions, tapioca flour, salt, sugar and pepper) were then
added and the meat reground until a smooth dough was
formed. After the dough was shaped into rounds, it was
placed in a first pot of heated but not boiling water. After
that, the dough that had risen to the surface of the water
was placed in a second pot of boiling water. After ten
mins of boiling, the meatballs were taken out and
drained.

2.3 Proximate analysis
2.3.1 Fat content

Fat content can be determined using the Soxhlet
method, i.e., by extracting lipids using a hexane solvent.
The fat flask was first dried in an oven set at 105°C for
30 mins, then cooled in a desiccator for 15 mins, and
finally weighed to determine the fat content. Five grams
of the sample were wrapped in filter paper, placed inside
a fat sleeve, covered with cotton that was free of fat, and
then soaked with hexane solvent. The next stage is
distillation, in which the hexane solvent evaporates. The
extracted flask is heated in an oven at 105°C until the
weight is constant. The dried sample was cooled in a
desiccator and weighed.

2.3.2 Protein content

Protein content was determined using the Kjeltec-
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2200 System (Foss Tecator, Hoganas, Sweden), as
described by Association of Official Analytical
Collaboration (AOAC) International (2005). The
Kjeldahl method for protein content analysis was to
extract protein from carbon-containing substances and
change nitrogen into ammonia. The amount of nitrogen
in the sample can be ascertained using the HCI titration
procedure. The collected solution in the receiving conical
flask was titrated with 0.1 M of HCL, and the titer was
recorded from which the amount of nitrogen content was

measured using this equation:
mL (titre - Blank) x M HCl ¥ dilution factorx14.007

% Nitrogen = > 100

mg samplex10

% Protein = % N x Conversion Factor.
2.3.3 Ash content

Ash content was determined using the heating
method with a furnace at 550°C. The percentage of ash
content is the result of weighing the dry material from
the oven (AOAC, 2005).

2.3.4 Moisture content

The samples were dried in an oven set to 105°C
(Nabertherm, Lilienthalm, Germany) to determine their
moisture content. After weighing the sample multiple
times, it was put back in the oven until its weight
stabilized.

2.3.5 Carbohydrate

Determine carbohydrates using the following
formula. % Carbohydrate = 100% - (% fat content+ %
protein content + % ash content + % moisture content).

2.4 Fatty acid profile

A total of 5 g of meatballs were used to produce fatty
acid methyl esters (FAMEs), which were then analyzed
using a Flame Ionization Detector (FID) and gas
chromatography (Agilent 6,890 GC, with helium as the
carrier gas and hydrogen as the flame gas, using an HP-
88 column of 100 meters). The oven temperature started
at 180°C for 5 mins, then increased to 190°C at 1°C per
min and held for 20 mins, followed by an increase to
200°C at the same rate and held for 17 mins. The
retention period was 62 mins. The injection temperature
was 210°C. The FID temperature was set to 220°C.
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Quantification was performed by comparing the peak
areca/height of lipid standards in the sample
normalization system.

2.5 Color properties

Color values were determined using brightness (L),
redness (a*), and yellowness (b*) (AOAC, 2005).
Furthermore, Minolta Chroma Meter CR-4 color reader
was used as the measurement tool.

2.6 Sensory evaluation

Various meatballs were sliced into tiny pieces,
labeled with random code numbers, and arranged on a
Pyrex® glass container (Charleroi, USA). After 30 mins
at room temperature, the meatballs were randomly
distributed to the panelists for sample evaluation in
triplicate. The panelists were given meatballs and
drinking water to rinse their mouths in between each
sensory assessment. Trained panelists scored each
sensory element on a range of 1 to 5, in which 1
indicates very dislike while 5 indicates very like.
Furthermore, the sensory attributes include color, flavor,
aroma, texture, and acceptance rate. Finally, the
descriptive analysis was used to continue the panelists'
results.

2.7 Data analysis

The research data were analyzed and expressed as
means and standard deviation, using analysis of variance
(ANOVA). If the treatments were significantly different
(P<0.05) or highly significant (P<0.01), it was continued
using Duncan's multiples range test.

3. Results

The results and statistical analysis showed a highly
significant effect (P<0.01) of the addition of potato flour
nanoparticles on the levels of protein, carbohydrates,
crude fiber, and fat content of the beef meatballs (Table
2). The analysis of their fatty acid profile with the
addition of 3% nanoparticle potato flour showed that it
produced saturated and polyunsaturated fatty acids
(Tables 3 and 4). The addition of nanoparticle potato
flour at different percentages produced L (lightness), a*
(reddish), and b* (yellowish) values, as can be seen in

Table 2. Average levels of protein, carbohydrates, crude fiber and fat content.

Treatment Protein content (%) Carbohydrate (%) Crude fiber (%) Fat content (%)
BO 11.63+0.23° 17.79+0.57* 0.65+0.12° 9.93+0.10°
Bl 12.33£0.34° 19.01+0.14° 0.810.04° 9.12+0.22°
B2 13.21+0.38° 19.40+0.17° 0.89:£0.04° 8.52+0.26"
B3 14.430.44° 20.93+0.79° 0.99+0.01° 8.09+0.19°

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly

different (P<0.01).
https://doi.org/10.26656/1r.2017.8(5).007
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Table 3. Profile of saturated fatty acids.

Types of saturated fatty acids (%) (%)
Myristic acid (C 14:0) 0.0116  0.0118
Palmitic acid (C 16:0) 0.3341 0.3325

Table 4. Profile of polyunsaturated fatty acids (PUFA).

Types of polyunsaturated fatty acids (%) (%)
Oleic acid (C 18:1 W9C) 0.3631  0.3647
Linoleic acid (C 18:2 W6) 0.1464  0.1456
Arachidic acid (C 20:0) 0.0331  0.0329

Table 5. The highest average lightness color value was
obtained from the sample without the addition of potato
flour, while the lowest lightness color was obtained from
the treatment with the addition of 3% potato flour. The
higher the percentage of added potato flour, the lower the
color value of L beef meatballs. This showed that the
color of the beef meatballs with the addition of potato
flour tended to become darker as the percentage of
potato flour increased. The average a* color value
ranged from 14.01-22.11, while the average b* color
value ranged from 36.07-46.19. The highest a* mean
value corresponded to treatment B3 at 22.11 and the
lowest a* average value was for BO at 14.01. This value
was inversely proportional to the average color b* value,
with the highest value being in the control at 46.19, and
the lowest average in B3, at 36.07. The higher the
percentage of added potato flour to the meatballs, the
higher the increase in the average a* color value and the
lower the b* color value. The results of the analysis
showed that the addition of potato flour nanoparticles at
different percentages had a very significant (P<0.01)
effect on the sensory evaluation of color, taste, aroma,
and texture, and acceptance of the meatballs. The

Table 5. Average color values for beef meatballs with the
addition of potato flour nanoparticles.

Color
Treatment
L a* b*
BO 68.58+0.70%  14.01£0.52®  46.19+0.549
Bl 65.73+£0.50°  18.50+0.95°  42.30+0.35¢
B2 63.10+£0.54°  20.46+0.17° 38.74+0.64°
B3 61.02£0.36* 22.11£0.79%  36.07+0.57*

Values are presented as mean+SD. Values with different
superscripts within the same column are statistically
significantly different (P<0.01).
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average sensory evaluation of the addition of potato flour
nanoparticles can be seen in Table 6.

4. Discussion
4.1 Proximate analysis
4.1.1 Protein content

Protein is important for the body in building,
forming, and repairing cells, as well as being a source of
energy. The main protein source found in meatballs is
derived from beef. However, adding potato flour
nanoparticles increases the flour protein content by
6.9%. This meets the Indonesian National Standard
(3818:2014) for meatball quality, which specifies a
minimum protein content of 11% (Badan Standardisasi
Nasional (BSN), 2014). Protein molecules are the result
of long chains of amino acids linked by peptide bonds
called polypeptides (Alberts et al., 2002). Oztiirk and
Turhan (2020) reported that the protein content of beef
meatballs added with pumpkin seed flour was 16.73-
20.28%. Meanwhile, Aukkanit et al. (2015) found that
beef meatballs with 3% corn flour had a protein content
0f 21.61%.

4.1.2 Carbohydrate

Carbohydrates play an important role in the body,
providing high nutritional quality in the form of various
micro and macronutrient compounds, such as energy
(Kanter and Elkin, 2019). Adding potato flour
nanoparticles increased the carbohydrate content of the
meatballs by 80%. The more potato flour nanoparticles
added, the higher the carbohydrate content in the
meatballs. High carbohydrate levels could improve
meatball texture and water-holding capacity. This is in
line with previous research by Oztiirk and Turhan
(2020), stating that adding beef meatballs with 12%
pumpkin seed flour was found to produce 8.62%
carbohydrates.

4.1.3 Crude fiber

A disadvantage of restructured products is their lack
of fiber, which is needed to formulate food ingredients.
The fiber content of the beef meatballs with potato flour
nanoparticles ranged from 0.65-0.99%. The crude fiber
of 1.8% contained in the potato flour nanoparticles

Table 6. Evaluation of the sensory evaluation of beef meatballs with the addition of potato flour nanoparticles.

Treatment Color Flavor Aroma Texture Acceptance rate
BO 3.00+0.46* 3.30+0.58? 3.05+£0.96* 3.10+0.58* 3.35+0.50*
Bl 3.35+1.50* 3.85+0.50* 3.35+0.50* 3.35+0.50* 3.75+0.50%
B2 3.9+0.58% 4.45+0.50" 3.95+0.96" 3.6+0.82% 4.45+0.50"
B3 4.55+0.50" 4.70+0.58" 4.55+1.26 4.65+0.50 4.65+0.96"

Values are presented as mean+SD. Values with different superscripts within the same column are statistically significantly

different (P<0.01).
https://doi.org/10.26656/1r.2017.8(5).007
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increases the fiber content. The higher the concentration
of added flour, the higher the fiber content of the
meatballs. Prayitno et al. (2022) added different levels of
edamame flour, which resulted in fiber content ranging
from 0.57-2.24%. Meanwhile, Melia et al. (2020) found
that chicken meatballs with pennywort flour showed a
fiber content of 9.33-15.35% due to the high level of
crude fiber in such flour. In general, the crude fiber
content in food products is influenced by the level of
crude fiber additives; fibers in the form of nanoparticles
will be well integrated into the product.

4.1.4 Fat content

Generally, the fat content in 100 g of beef is 14 g
(Ministry of Health of the Republic of Indonesia, 2018).
Moreover, adding 7.5% seaweed flour increased the fat
content of beef meatballs by 0.07% (Widati et al., 2021).
Another research by Aslinah et al. (2018) shows that
azuki bean flour substituting tapioca flour reduced the fat
content of meatballs, while total replacement resulted in
fat content of 2.11%.

4.1.5 Fatty acid profile

Analysis of the fatty acid profile revealed two
saturated fatty acids: palmitic acid and myristic acid.
Mpyristic acid levels in two replication tests were
0.0116% and 0.0118%, respectively, with corresponding
palmitic acid levels of 0.3341% and 0.3325%. Beef
meatballs with nanoparticle potato flour contained three
polyunsaturated fatty acids: oleic acid, linoleic acid, and
arachidic acid, ranging from 0.329% to 0.1464%. Fatty
acids are influenced by meatball fat content, while
nanoparticle potato flour addition alters the fatty acid
profile. The fat content in potato flour was 0.29%,
resulting in very low detected fatty acid levels. Such a
low level of unsaturated fatty acids can inhibit oxidation
in meatballs. Li ef al. (2022) found that unsaturated fatty
acids in food products undergoing auto-oxidation will
form odorous compounds, remove nutrients and active
substances, and produce potentially toxic compounds.
Lipid oxidation in protein-stabilized food emulsion
products is able to undergo faster auto-oxidation
(Schroén and Carabin, 2022). Another result of the auto-
oxidation of fat can be a reduction in the amount of
water in the product, which means it emits an unpleasant
odor (Pei et al., 2022).

Meatballs added with green coffee as an antioxidant
contain fatty acids including palmitic acid, oleic acid,
and stearic acid; those fatty acids have the same amount
of oleic acid in green coffee (Mostafa and El Azab,
2022). Grilled meatballs contain 51.61-53.42% saturated
fatty acids, 43.48-46.48% monounsaturated fatty acids,
and 1.77-3.23% polyunsaturated fatty acids, which

https://doi.org/10.26656/1r.2017.8(5).007
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consist of palmitic acid, stearate acid, oleic acid, and
linoleic acid (Oz, 2021).

4.2 Color properties

Based on the results of the study, the decrease in the
average color L and increase in the average color a*,
together with the decrease in the value of b* in the beef
meatballs, was thought to be due to the color pigment in
the potato flour, which has reddish and yellowish color
effects on the meatballs. Potatoes contain carotenoids
which are natural yellowish pigments commonly found
in vegetables (Bvenura et al., 2022). These results are
comparable to those of Aukkanit et al. (2015), who
found that the addition of cornsilk flour to beef meatballs
(at levels of 0%, 1%, 2, 3%, and 4%) reduced the color L
(lightness), and increased a* (redness) and b*
(yellowness) with a higher percentage of corn silk flour,
giving beef meatballs a yellowish color due to the
carotenoid content in corn silk flour.

4.3 Sensory evaluation
4.3.1 Color

Based on the score in Table 6 and Figure 1, it can be
seen that the higher the percentage of added potato flour
nanoparticle to the beef meatballs, the darker the color
with the yellowness remaining. This was thought to be
due to the carotenoid content in potato flour, with the
yellow color of potatoes caused by antioxidants and
carotenoids (Bvenura et al., 2022). The treatment B3,
showing beef meatball color the panelists liked, obtained
the highest color sensory evaluation score of 4.55.
Meanwhile, the control treatment obtained the lowest
score of color sensory evaluation at 3.00, which was also
liked by the panelists. Color is the first aspect observed
when evaluating organoleptic quality, affecting its
attractiveness to consumers. Moreover, Carrot flour
(Daucus carota L.) makes meatballs attractive because
they are generally only pale white to gray in color
(Purnomo and Swasono, 2020).

Color
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Figure 1. Sensory evaluation of beef meatballs with the
addition of potato flour nanoparticles.
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4.3.2 Flavor

The scores in Table 6 and Figure 1 shows that the
organoleptic quality of the beef meatball flavor added
with potato flour nanoparticles ranged from 3.30 to 4.70.
The highest taste score was obtained from treatment B3,
in which the taste of the meatballs was balanced between
meat and potato flour. Meanwhile, the lowest score was
obtained from the control, which indicated that beef
flavor was more dominant. The taste of meatballs is
influenced by the raw materials used. Hairunnisa et al.
(2016) reported that the basic ingredients of meat and
spices used during meatball processing, together with
salt, pepper, and garlic, affect the taste of the resulting
product. Furthermore, a high amount of potato flour
nanoparticles slightly reduced the meat taste while
making the potato flour taste more obvious (Alghifari
and Azizah, 2021).

4.3.3 Aroma

Table 6 and Figure 1 show that the organoleptic
quality scores for the beef meatball aroma with the
addition of potato flour nanoparticles ranged from 3.05
to 4.55. These showed that the higher the percentage of
potato flour used in the meatballs, the more the panelists
liked their aroma. This is because the aroma of the
potatoes adds a distinctive blend to the meatballs and
masks the fishy smell of the meat. The distinctive aroma
of potatoes was thought to be due to their flavonoid
content. Potatoes contain bioactive compounds that have
antioxidant activity, vitamin C and flavonoids
(Pamolango et al., 2016). However, flavonoids produce
unpleasant aromas and affect the aroma of the final
product (Cahyaningtyas et al., 2014). The use of purple
sweet potato ([pomoea batatas L.) in meatballs does not
affect their aroma, because the distinctive aroma of the
meat is stronger than that of the sweet potato (Ariyani et
al.,2019).

4.3.4 Texture

Based on Table 6, the organoleptic quality of beef
meatball texture with the addition of potato flour
nanoparticles ranged from 3.10 to 4.65. The average
score indicated that the greater the percentage of added
potato flour nanoparticles to the beef meatballs, the more
the panelists liked their texture, appreciating their chewy
and compact nature. The texture of meatballs is generally
compact, elastic, springy and not mushy when assessed
by mouth (Herlambang et al., 2019). The filler used in
making them affects the resulting texture (Hafid et al.,
2020); potato flour contains amylose and amylopectin,
which influence the texture. The addition of purple sweet
potato flour (lpomoea batatas) to meatballs, with a ratio
of flour higher than tapioca flour, produces a chewier

https://doi.org/10.26656/1r.2017.8(5).007
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texture, which is preferred by the panelists (Wulandari et
al., 2020).

4.3.5 Acceptance rate

According to Table 6 and Figure 1, the organoleptic
quality scores relating to the acceptance level of the
meatballs with the addition of potato flour nanoparticles
range from 3.35 to 4.65. This level is part of the
organoleptic quality assessment, which considers all the
related aspects, including the color, texture, aroma and
taste. Beef meatballs with the addition of 3% potato flour
nanoparticles had the highest acceptance rate. This was
because, in all aspects of the organoleptic quality
assessment, the panelists clearly liked the color, texture
and taste. These meatballs had a more attractive color, a
chewy texture, and a balanced taste, which were the
reasons why they were preferred by the panelists. The
use of 75% tapioca flour filler: 25% carrot flour in
chicken meatballs was acceptable and liked by the
panelists based on assessment of the color, taste and
aroma (Wulandari et a/., 2020). The overall organoleptic
quality in terms of the texture, aroma and taste of the
chicken meatballs with the addition of 15% durian seed
flour was acceptable to the panelists (Wirawan et al.,
2016).

4. Conclusion

In conclusion, the addition of 3% nanoparticle potato
flour can be used as a filler and produce the best quality
beef meatballs.
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