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Vegetable proteins, such as those derived from peas (Pisum sativum L.), lack a naturally fibrous structure, re-
sulting in a texture that differs significantly from conventional meat when processed into meat analogues like
meatballs. Seaweed, known for its structural complexity and dietary fiber content, was explored in this study
as a functional ingredient to enhance the texture and overall quality of pea-based meatballs. The objective
was to evaluate the effects of seaweed flour addition on the physical, chemical, sensory, and preference prop-
erties of these plant-based products. Seaweed was added at concentrations of 0, 1, 1.5, and 2% (w/w) into a
mixture of meatball (pea paste, tapioca, and spices). Conventional beef meatballs were used as the control.
The samples were evaluated for moisture, protein, fat content, water holding capacity, cooking loss, textural
attributes (hardness, cohesiveness, springiness, adhesiveness), crude fiber, yield, sensory quality, and consumer
preference. Data were analyzed using one-way ANOVA and principal component analysis (PCA). Results showed
that seaweed flour addition up to 2% significantly increased the moisture and protein contents, WHC, texture
parameters, yield, and fiber content, while reducing cooking loss compared to the control pea-based meatballs,
with no significant effect on fat content (p > 0.05). Compared to beef meatballs, pea-based meatballs had lower
values in most quality parameters but showed higher hardness, springiness, adhesiveness, and fiber. PCA con-
firmed distinct characteristics between pea- and beef-based meatballs, in agreement with the ANOVA findings.

Introduction

Meatballs are a processed meat product that, in addition to being a
nutritious food source, are also palatable, widely accepted by various age
groups, and suitable for consumption on diverse occasions. They serve
as a popular means of consuming protein-rich foods. However, the ac-
cessibility of meat remains limited for some segments of the population
due to its relatively high cost. In contrast, plant-based protein sources,
such as legumes particularly peas, are more readily available. Thus, the
development of pea-based meatballs offers a promising alternative pro-
tein source. This type of product is classified as plant-based meatballs.
Processing legumes into meatballs has been shown to reduce the typical
beany odor, thereby enhancing consumer acceptance and supporting in-
creased consumption of plant-derived protein (Van Der Meer et al.,, 2022).

Pea (Pisum sativum L.) is a leguminous plant widely utilized for its
pods due to their high protein content, which ranges from 21.2% to
32.9% (Windsor et al,, 2024). In addition to protein, Peas possess a diverse
nutritional composition, featuring protein alongside essential amino ac-
ids, dietary fiber, carbohydrates, and a range of micronutrients, including
vitamins and minerals (Kumari and Deka, 2021). The chewy texture of
conventional meatballs is largely attributed to the fibrous structure of
meat proteins (Beniwal et al., 2021). Proteins play a crucial role in meat-
ball formulation, primarily functioning as a binder during the cooking
process, which contributes to the formation of a cohesive and compact
texture (Sun et al,, 2024). However, globular proteins, such as those found
in peas, tend to result in a softer texture when used as the primary protein
source (Martins et al,, 2018). Hence, it becomes essential to identify func-
tional ingredients that can replicate the structural role of fibrous meat
proteins in plant-based formulations.

Seaweed (Eucheuma cottonii) contains approximately 4.3% protein,
2.1% fat, 90.9% carbohydrates, 83.2% total dietary fiber, 2.7% ash, and
65.7% carrageenan (Hidayah et al, 2022). Carrageenan is a polysaccha-

ride fiber known for its functional properties as a stabilizer, thickening
agent, gelling agent, and emulsifier. In meatball applications, carrageen-
an contributes to improved texture and helps prevent fat loss during pro-
cessing (Kumar and Sharma, 2004). Therefore, this study aimed to eval-
uate the effects of seaweed flour fortification on the physical, chemical,
sensory, and hedonic properties of pea-based meatballs.

Materials and methods
Preparation of seaweed flour

Seaweed flour was prepared following the method described with
slight modifications (Agusman et al., 2020). Eucheuma cottonii seaweed
was first soaked in freshwater to remove impurities, rinsed under running
water, and then drained. The cleaned seaweed was subsequently soaked
in a 5% lime solution for 5 hours, washed again, and drained. It was then
dried using a drying apparatus for 24 hours. Once dried, the seaweed was
ground into flour and sieved using an 80-mesh screen.

Preparation of pea paste

Pea paste was prepared according to the method described by Geni-
sa et al. (2015) with modifications. The peas were soaked for 12 hours,
after which their skins were removed. The dehulled peas were then boiled
in water for 30 minutes. Following boiling, the peas were cooled and
blended until smooth and homogeneous. The resulting pea paste was
ready for use.

Preparation of pea-based meatballs with seaweed flour

Pea-based meatballs with seaweed flour were prepared based on
the method described by Utafiyani et al. (2018) with modifications. The
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meatball production involved mixing pea paste with additional ingredi-
ents such as tapioca flour, seasoning, and ice water. Seaweed flour was
then incorporated according to the treatment (0, 1, 1.5, and 2% (w/w)).
The mixture was stirred until homogeneous and formed into balls (1.5 cm
in diameter). The formed meatballs were then placed into boiling water
and cooked for approximately 5-10 minutes at a temperature of 80°C.

Chemical, physical, and hedonic evaluation
Moisture content

Moisture content was determined following the method of AOAC
(1990). A porcelain crucible was pre-dried in an oven at 105°C for 1 h,
then removed and placed in a desiccator for 15 minutes. The dried cru-
cible was weighed and recorded as weight A. A 2 g sample was weighed
(recorded as weight B) and placed into the crucible, then dried in the
oven at 105°C for 5 hours. After drying, the crucible was cooled in a desic-
cator for 15 minutes and reweighed to obtain weight C. Moisture content
was calculated using Equation 1.
Moisture Content=(B-(C -A))/( B)x100% [Equation 1]
Protein content

Protein content was determined using the Kjeldahl method as de-
scribed by AOAC (1990). A 0.5 g sample was mixed with 0.5 g selenium
catalyst and 10 mL of concentrated sulfuric acid (H.SO4). The mixture was
digested until the solution turned clear green. The digested solution was
then distilled by adding 100 mL of distilled water and 40 mL of 45% NaOH,
along with 5 mL of 4% boric acid (H;BOs) containing two drops each of
mixed indicators methyl red (MR) and methylene blue (MB). The distillate
was then titrated with 0.1 N HCI until the color changed to purplish. The
nitrogen content was calculated using Equation 2, where Sample weight
is the weight of the sample (g), V sample is volume of titrant used for the
sample (mL),V blank is volume of titrant used for the blank (mL), N H,SO,
is normality of sulfuric acid, N is nitrogen equivalent weight (14.008).

%N=((V sampel-V blank)xN H,SO,xbst Nx 100)/(sampel weight (g) x 1000)
%N=(V sampel - V blank)x0.05 N x 14.008 x 100)/(sampel weight (g) x 1000)

Protein=% Nx6.25 [Equation 2]

Water holding capacity

Water holding capacity (WHC) was measured based on the method
(Wilhelm et al., 2010). A 0.3 g sample was placed on filter paper and com-
pressed between two plates under a 35 kg load for 5 minutes. The area
covered by the sample and the surrounding wet area were then marked
and measured using a planimeter. The difference between the two was
recorded as the wet area. Water holding capacity was calculated using
Equation 3.

MgH,O=(wet area)/0,0948
MgH,O=(stained area -sampel area)/0,0948 [Equation 3]
Cooking loss

Cooking loss was measured following the method (Oztiirk and Tur-
han, 2020). It was calculated as the percentage difference between the
sample weight before and after cooking, relative to the initial weight prior
to cooking. Cooking loss was determined using Equation 4, where W1 is
weight of the sample before cooking (g), W2 is weight of the sample after
cooking (g).

Cooking loss (%)=(W,-W,)/W, x100% [Equation 4]

Texture

Texture analysis was conducted using a texture analyzer (Brookfield
CT3) by applying a defined force to the sample in order to measure its
textural profile. The texture parameters evaluated included hardness,
springiness, adhesiveness, and cohesiveness. Springiness refers to the
extent to which a food product returns to its original shape after being
compressed (Akbar et al, 2019). Hardness is defined as the maximum
force recorded during the first compression cycle. Springiness is calculat-
ed as the degree to which a deformed sample returns to its undeformed
condition once the deforming force is removed. Cohesiveness is mea-
sured as the ratio of the area under the second compression curve to that
under the first (Monsalve-Atencio et al., 2021). Texture measurements
were carried out at the Integrated Laboratory, Diponegoro University.

Cooking yield

Yield was measured based on the method (Hannachi et al., 2019). The
weight of the meatball mixture (raw batter) was recorded prior to cook-
ing, and the weight of the cooked meatballs was measured afterward. The
yield was then calculated by comparing the weight of the cooked product
to the initial batter weight, multiplied by 100%. Yield was determined
using Equation 5.

Yield (%)=(Weight of Cooked Meatballs)/(Weight of Batter)x100%
[Equation 5]

Fat content

Fat content was determined according to the method described by
AOAC (1990). Filter paper was first dried in an oven at 100°C for one hour.
The sample was macerated, weighed (2 g), and recorded as weight A.
It was then wrapped in filter paper and dried in an oven for 4 hours at
100°C. The dried sample was cooled in a desiccator for 15 minutes and
weighed, recorded as weight B. The sample was then placed in a Soxhlet
extractor, and extraction was performed using ether for 6 hours. After
extraction, the sample was left to stand for 30 minutes, dried again in an
oven at 100°C for one hour, and weighed as weight C. Fat content was
calculated using Equation 6, where A is the initial weight of the sample
before drying and extraction (g), B is the weight after drying, before fat
extraction (g), and C is the weight after fat extraction and final drying (g).
Fat Content (%)=(B-C)/Ax100% [Equation 6]
Crude fiber content

Crude fiber content was determined according to the method de-
scribed by (AOAC, 1990). A sample was weighed to obtain an initial weight
of y grams and placed into a fritted crucible. The crucible was mounted
onto the Fibertec apparatus and secured using the locking brush. Then,
100 mL of 1.25% sulfuric acid solution was poured into each fritted cru-
cible on the Fibertec unit. The small valve was set to the closed position,
the power button was turned on, and the thermostat dial was set to level
6. The heater cover was placed over the heating unit. Once the solution
reached boiling, the thermostat was reduced to level 4 and maintained
for 30 minutes. The solution was then filtered using the built-in filter tap.
The valve was then set to the vacuum position, and each crucible was
rinsed with 50 mL of hot distilled water. Next, 100 mL of 1.25% sodium
hydroxide solution was added to each crucible in the closed position, us-
ing the same method as for the acid solution. After completion, the main
valve was released to unlock the crucibles, which were then removed one
by one. Each crucible was rinsed again in the Fibertec unit using acetone,
following the same procedure. The crucibles were then placed in an oven
at 105°C for 4 hours. After drying, they were cooled in a desiccator for 15
minutes and weighed to obtain x. The crucibles were then burnt in a fur-
nace at 600°C, turned off, and allowed to cool to 100°C. The samples were
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again transferred to a desiccator for 15-19 minutes and then weighed to
obtain z. Crude fiber content was calculated using Equation 7, where x
is weight of the fritted crucible with sample residue after drying (g), z is
weight of the fritted crucible with the sample residue after furnacing (g),
y is weight of the initial sample (g).
Crude Fiber (%)=(z-x)/y*x100% [Equation 7]
Hedonic test

Hedonic evaluation was carried out following the method described
by Triyannanto et al. (2022). A total of 25 semi-trained panelists, consist-
ing of university students aged 20-25 years, participated in the test. The
cooked pea-based meatball samples were served on plates and evaluat-
ed based on color, aroma, taste, and texture. The meatball was heated
for 2 minutes on 70°C. Each attribute was rated using a 10-point he-
donic scale, where 1 indicated “dislike extremely” and 10 indicated “like
extremely.” Panelists were asked to assign scores based on their level of
liking for each attribute.

Data analysis

The data of moisture content, protein content, water holding capac-
ity, cooking loss, and texture were analyzed using Analysis of Variance
(ANOVA) at a 95% confidence level, followed by Duncan’s Multiple Range
Test (DMRT) using IBM SPSS Statistics 26.0 for Windows. Additionally, the
data were analyzed using Multivariate Data Analysis (MVDA) to exam-
ine the similarities and differences among treatments through Principal
Component Analysis (PCA), conducted with the assistance of Chemoface
1.61 for Windows.

Results
Physical characteristics

The physical characteristics evaluated in this study included yield,
water holding capacity (WHC), and cooking loss, as well as texture pa-
rameters such as hardness, cohesiveness, springiness, and adhesiveness.
Results for yield, WHC, and cooking loss are presented in Table 1, while
texture profile data are shown in Table 2. These parameters are essential
for assessing the functional properties and quality of meat and plant-
based meatball formulations.

Table 1. Physical characteristics of pea-based meatballs with and without sea-
weed flour, and beef meatballs.

in beef meatballs enhances water retention, contributing to their higher
yield during processing.

Cooking loss of the samples showed no significant difference (p >
0.05) among BF, PP, PS2, and PS3. While the lowest value of cooking loss
was exhibited by PS1. The value of cooking loss is also related to the value
of water holding capacity. However, those two parameters showed differ-
ent trends. Regarding the hardness, PP sample had a significantly higher
value (p < 0.05), followed by PS1, PS2, and PS3. Furthermore, BF samples
showed the lowest value among samples. In contrast, cohesiveness was
significantly higher (p < 0.05) in BF sample, followed by PS3, PS2, and PS1.
This trend also can be seen in springiness and adhesiveness; BF exhibited
a significantly higher value compared to other sample.

Table 2. Texture characteristics of pea-based meatballs with and without sea-
weed flour and beef meatballs.

Treatment Hardness (g)  Cohesiveness Springiness (mm) Adhesion (mJ)

BF 206.87+16.66*  0.59+0.02° 7.17+0.592 0.91£0.25%
PP 426.00+£38.66°  0.36+0.04* 7.10+0.53* 6.16+2.24¢
PS1 369.50+22.06°  0.43+0.04° 8.15+0.85° 4.324+0.60°
PS2 279.87+6.20¢ 0.49+0.07° 8.82+0.35° 2.39+0.88°
PS3 244.00+18.67°  0.50+0.03° 9.02+0.68" 1.95+0.97°

Treatment Yield (%) WHC (%) Cooking Loss (%)
BF 2.8+0.12¢ 56.98+2.17¢ 15.72+0.65°
PP 0.54+0.07* 24.09+0.54* 15.01+0.29°
PS1 1.00+0.20° 26.24+1.20° 13.63+0.47°
PS2 1.39+1.05¢ 30.17+1.39° 12.38+0.47¢
PS3 1.74+0.25¢ 33.65+1.63¢ 11.79+0.63¢

BF: beef meatballs; PP: plain pea-based meatballs without seaweed flour; PS1: pea-based
meatballs enriched with 1% seaweed flour (w/w); PS2: pea-based meatballs enriched with
1.5% seaweed flour (w/w); PS3: pea-based meatballs enriched with 2% seaweed flour
(w/w). Data are presented as Mean+Standard Deviation (n = 4). Values in the same column
with different superscript letters indicate significant differences according to Duncan’s Mul-
tiple Range Test (DMRT) at p < 0.05.

The yield of the sample shown in Table 1. It was found that the BF
sample had a significantly higher value (p < 0.05), compared to other
samples, followed by PS1 and PS2. Beef meatballs exhibited a higher yield
compared to both plain pea-based meatballs and pea-based meatballs
fortified with seaweed flour. Water holding capacity of BF sample has a
similar phenomenon as yield, WHC exhibited a significantly higher value
(p < 0.05) compared to other samples, followed by PS3. This was highly
associated with yield suggests that the superior protein matrix structure

BF: beef meatballs; PP: plain pea-based meatballs without seaweed flour; PS1: pea-based
meatballs enriched with 1% seaweed flour (w/w); PS2: pea-based meatballs enriched with
1.5% seaweed flour (w/w); PS3: pea-based meatballs enriched with 2% seaweed flour
(w/w). Data are presented as Mean+Standard Deviation (n = 4). Values in the same column
with different superscript letters indicate significant differences according to Duncan’s Mul-
tiple Range Test (DMRT) at p < 0.05.

Chemical characteristics

The chemical characteristics of pea-based meatballs with seaweed
flour fortification, as well as beef meatballs, are presented in Table 3.
The chemical characteristics of pea-based meatballs and beef meatballs,
including moisture, protein, fat, and crude fiber contents. The result of
moisture content and protein content showed similar trend, BF sample
exhibited a significant higher value (p < 0.05) compared to other samples.
This value was followed by PS3, PS2, and PS1. Meanwhile, fat content had
no significant value among samples. In contrast, crude fiber showed a
significantly higher value (p < 0.05) in PS3, followed by PS2 and PS2, while
BF exhibited the lowest value.

Table 3. Chemical characteristics (%) of pea-based meatballs with and without
seaweed flour and beef meatballs.

Treatment Moisture Content Protein Content  Fat Content Crude Fiber
BF 75.68+1.18° 10.31+0.09¢ 2.69+0.24* 1.49+0.27*
PP 51.78+1.49° 7.50£015° 1.97+0.222 3.99+0.58°
PS1 52.50+1.54 8.04+0.13° 1.91£0.48* 4.14+0.69°
PS2 54.43+1.01° 8.18+0.16° 1.76+0.36* 4.67+0.87°
PS3 54.63+1.42° 8.22+0.19° 1.55+0.13* 5.90+1.28°

BF: beef meatballs; PP: plain pea-based meatballs without seaweed flour; PS1: pea-based
meatballs enriched with 1% seaweed flour (w/w); PS2: pea-based meatballs enriched with
1.5% seaweed flour (w/w); PS3: pea-based meatballs enriched with 2% seaweed flour
(w/w). Data are presented as mean+standard deviation (n = 4). Values in the same column
with different superscript letters indicate significant differences according to Duncan’s Mul-
tiple Range Test (DMRT) at p < 0.05.

Hedonic characteristics

The sensory attributes and hedonic quality of pea-based meatballs
with seaweed flour fortification, as well as beef meatballs, are present-
ed in Table 4. The sensory attributes and hedonic quality of pea-based
meatballs and beef meatballs, including color, aroma, texture, and taste.

For color, the BF sample exhibited the lowest score (3,25+0,50), which
means it had darker appearance compared to other samples. In contrast,
pea-based meatballs, plain and fortified with seaweed flour (PS1, PS2,
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PS3), showed significantly higher scores. Regarding the aroma, PP sam-
ple recorded the highest score (6.00+0.00), followed by pea-based sam-
ples PS1 (5.50+0.57), PS2 (5.00+0.00), PS3 (5.00+0.00). For the texture,
BF sample demonstrated the highest value (PS1 (8.00+0.00), significantly
higher than all pea-based formulations. Among the plant-based formu-
lations, PS2 and PS3 samples scored slightly better than PP and PS1, with
texture scores ranging between 4.00+0.00 and 5.00+0.05. Regarding the
taste, there were no significant differences (p > 0.05), between BF, PS2,
and PS3, but showed significantly higher than PS1 and PP.

Table 4. Sensory and hedonic characteristics of pea-based meatballs with and
without seaweed flour and beef meatballs.

Treatment Color Aroma Texture Taste

BF 3.25+0.50° 1.75+0.95° 8.00+0.00° 6.75+0.05¢
PP 7.00+0.00° 6.00+0.00° 5.00+0.00¢ 4.00+0.00°
PS1 7.00+0.00° 5.50+0.57° 3.00+0.05* 3.25+0.05°
PS2 8.00+0.00° 5.00+0.00° 5.00+0.05¢ 4.00+0.00°
PS3 7.00+0.00° 5.00+0.00° 4.00+0.00° 6.00+0.00°

BF: beef meatballs; PP: plain pea-based meatballs without seaweed flour; PS1: pea-based
meatballs enriched with 1% seaweed flour (w/w); PS2: pea-based meatballs enriched with
1.5% seaweed flour (w/w); PS3: pea-based meatballs enriched with 2% seaweed flour
(w/w). Data are presented as mean+standard deviation (n = 4). Values in the same column
with different superscript letters indicate significant differences according to Duncan’s Mul-
tiple Range Test (DMRT) at p < 0.05.

Principal component analysis

The results of ANOVA and post hoc tests are often difficult to inter-
pret clearly; therefore, Principal Component Analysis (PCA) was also con-
ducted to facilitate pattern recognition among treatments. The outcomes
of this analysis are presented in Fig 1.

According to the PCA biplot, the beef meatball sample (BF) was close-
ly associated with moisture content and water holding capacity (WHC),
indicating the highest values for both variables. Compared to beef, pea
paste contains less protein, resulting in reduced water-binding ability. BF
and PP formed distinct clusters, indicating that these samples exhibited
different characteristics compared to the seaweed-fortified pea-based
meatballs (PS1, PS2, PS3).

Fig. 1. PCA biplot of meatball samples and variables. Sample codes: 0 = beef meatball (ani-
mal-based control); 1 = meatball made from pea paste without seaweed flour; 2 = pea-paste
meatball with 1% seaweed flour; 3 = with 1.5% seaweed flour; 4 = with 2% seaweed flour.
Variable codes: (A) hardness, (B) cohesiveness, (C) springiness, (D) adhesiveness, (E) pro-
tein content, (F) moisture content, (G) cooking loss, (H) water holding capacity, (I) fat con-
tent, (J) yield, (K) crude fiber, (L) grayish-green color, (M) nutty aroma, (N) beany odor, (O)
seasoning aroma, (P) chewy texture, (Q) hard texture, (R) coarse mouthfeel, (S) bitter taste,
(T) seasoning taste, (U) raw ingredient taste, (V) aftertaste, and (W) overall hedonic score.

Discussion

The high yield of BF had the highest value since beef meatballs are
primarily attributed to the presence of animal protein in beef. According
to Ockerman (1985), animal proteins can retain more water, which con-
tributes to the higher yield observed in beef meatballs. The elevated yield
is due to the protein’s ability to bind water content. The greater water
retention in beef meatballs results in reduced water loss during cook-
ing, thereby increasing the overall yield (Li et al, 2025). In contrast, the
yield of pea-based meatballs increased progressively with the addition

of seaweed flour. The carrageenan content in seaweed flour may act as
a stabilizer and binder, helping to integrate other components and min-
imize losses during the production of plant-based meatballs (Agusman
etal, 2014).

Highest value of WHC in BF sample is associated with the amount of
protein in beef meatball, meat protein content will be followed by water
holding capacity, this is also related to the damage of protein, when the
oxidation of protein occurs, WHC of meat will reduce (Zhu et al,, 2019).
Pea meatballs experience an increase in water holding capacity with the
addition of seaweed flour. This finding is consistent with the report which
states that the higher the concentration of seaweed used, the higher the
water holding capacity because seaweed contains carrageenan which has
the ability to bind water (Sari et al, 2021). The water holding capacity
value is higher because hydrocolloids bind water and increase the density
around the protein matrix (Chen et al., 2020).

Cooking loss is closely related to pH levels. Low pH causes weak pro-
tein bonds, resulting in more water loss during boiling, resulting in higher
cooking losses (Osen et al,, 2015). In pea-based meatballs, cooking loss
decreased with the addition of seaweed flour. This reduction is attributed
to the presence of hydrocolloid compounds such as carrageenan in sea-
weed, which possesses strong water-binding capacity, thereby reducing
water release during the cooking process. Hydrocolloids have the charac-
teristic of absorbing and binding water in the manufacture of food prod-
ucts and can be used as additives for stabilizers, texturizers, and water
absorbers (Salehi, 2019).

The lower hardness value in beef meatballs is influenced by the
amount of extracted protein, the water-binding capacity, and gel forma-
tion by protein and starch (Zhang et al,, 2022; Aslinah et al,, 2018; Li et
al., 2022; Jiang et al, 2025). In addition, the high moisture content in
beef meatballs also contributes to the reduction in hardness (Utama et al.,
2020). In contrast, the hardness of pea-based meatballs decreased with
the addition of seaweed flour. Carrageenan, a hydrocolloid compound
present in seaweed, improved the texture and stability of food products
(Kalsi et al, 2025). Carrageenan contains higher levels of insoluble di-
etary fiber, it can bind water and trap it in the matrix during carrageenan
gel formation (Lévesque et al, 2014). The higher the amount of water
trapped in the matrix, the softer and more hydrated gel, reducing its re-
sistance to compression. This is consistent with reported that the highly
hygroscopic nature of carrageenan results in a strong molecular structure
that binds to water (Cheng et al., 2022). Therefore, the higher the sea-
weed concentration, the greater the water entrapment in the product,
which in turn leads to a decrease in hardness.

Regarding the cohesiveness value of sample, actin and myosin pro-
teins stabilize the emulsion between fat and water in meat products,
causing to a more compact and elastic structure (Agustini et al,, 2015).
Texture is also influenced by the presence of filler ingredients such as
starch; during cooking, as meat proteins contract, starch molecules occu-
py the resulting gaps, thereby enhancing the compactness of the texture
(Carballo et al, 1995). In pea-based meatballs, cohesiveness increased
with the addition of seaweed flour. This is likely due to the ability of carra-
geenan to strengthen gel networks, making the meatballs more cohesive
and firmer. Carrageenan interacts with charged macromolecules such as
proteins, which can affect viscosity, gel formation, precipitation, and sta-
bilization (Agustini et al., 2015).

Myofibrillar proteins have the ability to bind water and fat, playing a
crucial role in gel formation, coagulation, and improving the elasticity of
processed meat products (Acton et al., 1983). Increasing protein content
will increase the springiness of beef meatballs. The greater water content
in meatballs results in a juicier and more elastic texture (Wi et al., 2020).
Furthermore, the high amylopectin content in tapioca flour enhanc-
es springiness, as it contributes to the formation of a chewy gel matrix
(Wang e al., 2020). In pea-based meatballs, springiness increased with the
addition of seaweed flour. This may be due to the increase in moisture
and fiber content provided by seaweed, which is rich in dietary fiber. As a
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result, the texture becomes softer and more elastic.

Beef meatballs showed lower adhesiveness values compared to both
plain pea-based meatballs and those fortified with seaweed flour. Higher
amylose content is associated with reduced stickiness in meatballs. This
is because the presence of amylose can increase the strength of intermo-
lecular bonds that can form crystalline clusters that can inhibit amylose
leaching and reduce adhesiveness (Zhang et al., 2017). Pea meatballs with
the addition of seaweed flour reduced the adhesion value. This is because
the protein contained in seaweed plays a role in the gel formation pro-
cess by increasing water binding capacity, thereby reducing stickiness in
the meatballs (Mamat et al,, 2013). Therefore, the higher the concentra-
tion of seaweed flour, the lower the adhesive value.

Beef meatballs (BF) showed higher moisture content than pea meat-
balls and pea meatballs fortified with seaweed flour. The filler used in
beef meatballs was tapioca flour, which is derived from cassava, contain-
ing amylose approximately at 21.43% (Shariffa et al., 2009). The high am-
ylose content in tapioca flour causes a rapid increase in water content
in meatballs because amylose is able to bind water easily. In pea-based
meatballs, moisture content increased with the addition of seaweed flour.
This is due to the hydrocolloid properties of seaweed, which enable it
to absorb and retain water efficiently (Lomartire and Gongalves, 2023).
Seaweed contains relatively high moisture content, about 27.8% on a dry
basis (Arnyke, 2014). Based on the Indonesian National Standard (SNI
3818-2014), the maximum allowable moisture content in meatballs is
70% (BSN, 2014). Therefore, the moisture observed in this study remains
within the standard according to national standards.

Beef meatballs (BF) exhibited higher protein content than pea meat-
balls and pea meatballs fortified with seaweed flour. An increased pro-
portion of beef in the formulation tends to elevate the overall protein
content of the final product. Beef contains approximately 18.80 g of pro-
tein per 100 g, while peas contain around 12.4 g per 100 g (Purwanto et
al., 2015). Meanwhile, seaweed flour contains about 7.91% protein on a
dry basis (Tapotubun, 2018). In the pea-based meatballs, protein content
increased with the addition of seaweed flour. This increase might be due
to the presence of carrageenan in seaweed, which can bind water and re-
duce protein loss during the cooking process. Carrageenan has the ability
to bind and trap water within a gel matrix, thereby minimizing the leach-
ing of water-soluble proteins during boiling (Gao et al., 2015). Based on
the Indonesian National Standard (SNI 3818-2014), the minimum protein
content requirement for meatballs is 11%. The protein content observed
in this study did not meet this requirement. One of the causes of the
low protein content in beef meatballs is due to the high carbohydrate
content caused by the starch content exceeding 50% of the meat content
in meatballs, this is intended to reduce production costs by meatball pro-
ducers. The low protein content in pea meatballs and seaweed flour forti-
fied pea meatballs is due to the low protein content in peas and seaweed.

Beef meatballs (BF) exhibited higher fat content compared to both
plain pea-based meatballs and those fortified with seaweed flour. The
meat used may contain muscle fibers rich in intramuscular fat. Further-
more, beef contains approximately 3.67% fat. The result of the study
showed that the fat content of pea-based meatballs decreased with the
addition of seaweed flour. This reduction is attributed to the use of raw
materials with inherently low-fat content. Peas contain only 1-2% fat,
while seaweed flour also has a low fat content of approximately 0.58%
(Pugalenthi et al., 2004).

PS3 exhibited significantly highest value in crude fiber, while BF
showed the lowest value. This is likely due to the type of feed consumed
by the cattle, which can influence the quality and fiber composition of the
resulting meat. The crude fiber content in beef meatballs directly affects
their overall quality (Apriyanto et al, 2018). In contrast, the crude fiber
content in pea-based meatballs increased with the addition of seaweed
flour. Seaweed contains cellulose, a component of crude fiber known for
its ability to absorb water (Ariyani and Ayustaningwarno, 2013).

The color of beef meatballs is influenced by the myoglobin content

in the meat; the higher the myoglobin level, the redder the meat ap-
pears. During cooking, the red color undergoes a transformation to a
grayish-brown hue due to oxidation processes. Pea-based meatballs,
including those fortified with seaweed flour, exhibited a grayish-green
color. This might be due to browning reactions occurring between pro-
teins and heat during cooking, resulting in a color similar to conventional
meatballs, which tend to have a slightly brownish tone and are generally
preferred by panelists. The slight grayish-green color of the product was
still well accepted, possibly due to protein-related reactions. Non-enzy-
matic browning of proteins, such as Maillard reactions, can occur during
thermal processing, contributing to desirable color development in the
final product (Ames, 1992).

Beef meatballs did not exhibit any undesirable beany odor. The use
of fresh beef contributes to the characteristic aroma of cooked meat
products (Berutu et al, 2010). In contrast, both plain and seaweed-for-
tified pea-based meatballs had a slight beany aroma. This off flavor is
attributed to the activity of lipoxygenase enzymes, which hydrolyze or
break down the lipids in legumes, leading to the formation of volatile
compounds responsible for the beany odor (Pangastuti et al.,, 2013).

The springiness of beef meatballs is related to the strength of the
gel formed by heating. Gelatinization in meatballs consists of starch ge-
latinization and protein gelatinization, but starch gelatinization is more
dominant in influencing the springy texture of meatballs. The gelatini-
zation process involves the embrittlement of water by a network formed
by chains of starch or protein molecules (Han and Hamaker, 2002). Pea
meatballs fortified with seaweed flour have a less chewy texture. Seaweed
flour has the property of binding water so that the texture of meatballs
with the addition of seaweed flour becomes hard (Huang et al., 2005). The
increase in firmness is also attributed to the higher carbohydrate content
in the formulation, as a greater amount of starch can lead to increased
hardness in meatball products.

The savory flavor of beef meatballs can be attributed to the incorpo-
ration of fresh beef. Meatballs crafted from pre-rigor meat typically show-
case superior flavor due to the proteins remaining fresh and functional, a
higher pH level, and the absence of lipid oxidation. This combination aids
in preserving more umami compounds, resulting in a cleaner and fresher
taste. Pea-based meatballs fortified with seaweed flour retained a slight
flavor characteristic of the pea ingredient. The use of flour as a filler may
also influence flavor, as amylose in starch can form inclusion complexes
with flavor compounds such as salt and seasonings, thereby altering the
perception of taste (Wang et al., 2020).

Moisture content in meatballs is influenced by the protein content of
the raw materials. While, WHC is primarily affected by myofibrillar pro-
teins, which are abundant in beef. These proteins, along with stromal pro-
teins (collagen, elastin, reticulin) and sarcoplasmic proteins, contribute to
beef's superior water retention capacity (Zurriyati, 2011). As a result, beef
meatballs tend to retain more water during cooking, leading to lower
cooking loss (Irawati et al,, 2015). In contrast, the variable hardness was
positioned closer to the pea-based meatball without seaweed fortifica-
tion (PP), and farther from BF and the seaweed-fortified samples (PS1,
PS2, PS3). This indicates that the PP sample had a firmer texture than
the others. Hardness may be due to a higher proportion of tapioca flour,
which functions as both a filler and binder (Pramuditya & Yuwono, 2014).
The high amylopectin content in tapioca enables water absorption and
dense gel formation, resulting in a firmer, less elastic texture.

The BF sample was closely associated with the variables of chewy
texture, raw ingredient flavor, and aftertaste, suggesting that BF had the
highest scores for these sensory attributes. Beef contains relatively high
levels of protein, which contributes to its chewy texture (Lawrie, 1995).
The strong raw ingredient flavor observed in BF may be attributed to
beef's high water-holding capacity and pH, which enhance flavor reten-
tion. The PP sample was positioned near the variables hard texture and
nutty aroma, indicating that the pea-based meatball exhibited a distinct
legume aroma. This characteristic aroma is likely due to the use of pea
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paste as the main ingredient. The firmer texture in PP may have resulted
from insufficient grinding of the peas, leading to a coarser particle size
and less refined texture. Meanwhile, the seaweed-fortified pea-based
samples (PS1-PS3) were located near the variables seasoning aroma and
seasoning taste, suggesting that the addition of seaweed and spices im-
proved the overall flavor profile. The use of seasonings in plant-based
meatball formulations enhances palatability and helps mask off-flavors
commonly found in legumes (Suradi, 2007).

Conclusion

The addition of seaweed flour to pea-based meatballs improves sev-
eral quality parameters, particularly texture. Seaweed flour enhance the
firmness of the product, addressing the typically soft texture of plant-
based meatballs. The inclusion of seaweed flours up to 2% (w/w) has
no significant effect on cooking loss or fat content, and contributes to
increase the moisture content, protein content, water holding capacity,
hardness, cohesiveness, springiness, adhesiveness, yield, and crude fiber.
The findings indicate that while pea-based formulations offer certain tex-
tural and nutritional advantages, further optimization is needed to match
the overall quality and consumer acceptance of conventional beef meat-
balls.
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