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ABSTRACT

Objective: This paper investigates the effect of carrageenan from various harvest times on fishball characteristics. The harvest time consists of three 
different periods (40 days, 45 days, and 50 days) from Bontang Coastal, East Kalimantan, Indonesia.

Methods: The carrageenan fortified to fishball used two concentrations that were 0.25% and 0.5%.The proximate analysis, including moisture, ash, 
protein, fat, and carbohydrate, showed significantly different (p < 0.05). The texture analysis showed that there was significantly different (p > 0.05).

Results: The fishball adding carrageenan from different harvest time of seaweed also had a significantly different of sulfate content and crude fiber 
content (p < 0.05). The lowest water activity obtained on the fishballs adding 0.25% carrageenan from 50 days ages harvested.

Conclusions: In this research, the fishball adding 0.25 carrageenan from 50 days ages was the best treatments based on the highest of protein content 
and the lowest of water activity.
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INTRODUCTION

Carrageenan is one of the red seaweed types which used in many 
applications, both in food and non-food industry.  The  application of 
carrageenan such as thickening agents, gelling agents and stabilizing 
agents, emulsifying properties, pharmaceutical formulation, cosmetics 
and other industrial applications [1,2]. Indonesia is one of the 
countries with the longest beach length in the world has huge potential 
production of seaweed. Eucheuma cottonii (Kappaphycus alvarezii) is 
one of the types of seaweed produced in Indonesia [3].

Carrageenan is a linear sulfated galactans can extract from many 
species of red algae. It is formed by alternate units of D-galactose and 
3,6-anhydro-galactose (3,6-AG) joined by α-1,3 and β-1,4-glicosidic 
linkage. The properties of carrageenan influenced by the number and 
position of ester sulfate (ES) groups as well as the content of 3,6-AG. 
Higher levels of ES mean lower solubility temperature and lower gel 
strength [1].

The properties of carrageenan affected by pre-extraction treatment, 
extraction methods, solvent, process conditions, and species [4-6]. The 
properties of carrageenan were also affected by the age of seaweed. 
Yield and gel strength of carrageenan varies with the age of the crop 
of seaweed [7]. The characteristics of carrageenan depend on the 
proper harvest time of seaweed. The range of harvest time between 30 
and 60 days resulted the different properties such as yield, moisture 
content, viscosity, and gel strength [8].

The carrageenan application on food has been the subject of numerous 
studies, such as the effect of carrageenan on the functional characteristics 
of meat product such as meat sausage properties. Carrageenan addition 
at low levels (0.2% and 0.5%) increase gel elasticity. However, a higher 
carrageenan concentration caused a reduction in sausage elasticity [9]. 
The addition of up to 2% carrageenan to myofibril protein was not 
significantly effective in thermal transition temperature and caused 
by negligible changes in thermal stability. Increasing the carrageenan 

level in mixture negatively affected the expressible fluid, cohesiveness, 
and springiness [10]. Carrageenan gel texture depends on the type 
used and method of production, as well as the pH value of the solution. 
The addition of carrageenan to low-fat meat batters improved the 
quality of the frankfurters, especially the texture results and sensorial 
analyses [11]. Carrageenan as edible coatings slows down the decay of 
the physicochemical characteristics of fresh fillets [12].

Previously, numerous studies have been carried out on the method of 
carrageenan extraction and carrageenan application, but the existing 
literature on harvest time in relation to carrageenan properties and 
application is still limited. Therefore, the aim of this study was to 
evaluate the effect of various concentrations of carrageenan extracted 
from different harvest time of seaweed on fishball properties. The 
fishball characteristics, including proximate analyses, crude fiber 
content, sulfate content, texture, water activity, and color.

MATERIALS AND METHODS

Materials
K. alvarezii was harvested from Bontang Coastal, East Kalimantan, 
Indonesia, from different harvest time (40, 45, and 50 days). Mackerel 
fish, tapioca flour, and condiments were bought from the local market 
(East Kalimantan, Indonesia). Kalium hydroxide (Merck), Kalium 
chloride (Merck), Isopropyl alcohol (Merck) were purchased from 
Chemmix Pratama Laboratory, Yogyakarta, Indonesia.

Carrageenan extraction
Dried seaweed was washed with tap water to remove salt and other 
compounds. Extraction of carrageenan was done according to Asikin 
and Kusumaningrum [8] and Asikin et al. [13]. Dried seaweed was 
weighed 40 g then soaked in the water for 3 h, subsequently rinsed 
and drained. The solvent used KOH 7% was heated until reached 70°C, 
then the seaweed boiled for about 30 min. After that, the seaweed 
was washed 3 times and then reheated (70°C) using distillate water 
for 3 h. The sample was filtration with cheese clothes. The filtrate was 
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precipitated by adding KCl and iso-propanol with stirring gently until 
homogenous and it was left for overnight. The next step was filtration 
with cheese clothes. The substrates obtained were collected and oven 
dried at 60°C for 24 h. The dried carrageenan sheets were ground to 
obtain carrageenan flour.

Minced fish preparation
The fish were de-headed, gutted, and washed in tap water. The dressed 
fish was filleted to separate from the skin and the bone. The fillet was 
washed with chilled water (5°C). The clean fillet was minced using a 
food processor (Phillips) by adding ice to produce minced fish. The 
minced fish was put in polyethylene bags and stored at chiller until 
required.

Fishball preparation
The minced fish were mixed various ingredients, including 10% starch, 
2% salt, 0.5% pepper, and 0.5% garlic. The carrageenan was added into 
mixed mince with two concentrations as treatments: 0.25% and 0.5%. 
All ingredients were mixed until homogeneous to make dough. The 
dough was shaped into balls. The fishball was boiled for about 15 min 
and then dipped in ice water for 5 min. The fishball was stored in the 
freezer before analyses.

Chemical analyses
The moisture content was estimated by the AOAC method [14]. 
Samples were dried at 105°C an oven until they reached a constant 
weight. The moisture content was estimated based on the weight 
loss between before and after drying. Ash content was determined 
using dry ashing procedures [14]. Crude protein was determined 
by Kjeldahl method [14]. Fat content was estimated by Soxhlet 
extraction. Carbohydrate content was calculated by difference. Crude 
fiber and sulfate content were estimated following procedures of 
Apriyantono [15]. The texture was estimated by texture analyzer 
(TA). TA was used to penetrate the approximate 2 cm diameter 
fishballs. Water activity (aw) was determined using a water activity 
meter. Color was measured with a colorimeter at three locations for 
L*, a*, and b* values. L* represents the total light reflected on a scale 
ranging from 0 = black to 100 = white. a* represents the amount of 
red (positive values) and green (negative values), while b* values 
represent the amount of yellow (positive values) and blue (negative 
values).

Statistical analysis
Data of the experiment were analyzed by a completely randomized 
design with six treatments. The means of all the parameters were 
measured for significance by one-way analysis of variance. The 
significant effect was accomplished by Duncan’s test at a 95% 
significance level.

RESULTS

Proximate analysis
The proximate analysis of fishball samples is presented in Table 1 
as compared to the fishball without carrageenan, with sodium 
tripolyphosphate (STPP) addition and Indonesian Standard (SNI 
No. 7266:2014) [16]. The moisture content of fishball varied from 
75.66% to 77.89%. The result showed that the moisture content of 
fishball added 0.25% carrageenan made from 40 days age was showed 
a significant difference (p<0.05) with 0.5% and both of concentration 
from 50 days ages of seaweed.

The ash content of the fishball resulted of this study varied from 1.29% 
to 2.02%. This resulted in accordance with the standard and both of 
the control. The lowest ash content obtained on the fishball with 0.25% 
carrageenan from 40 days ages and it was a significant difference 
(p<0.05) compared to 0.5% of the same ages and 45 days ages on both 
of concentration.

The protein content of the fishball resulted ranged from 13.40% to 
15.23%. The highest protein content obtained on the fishball with 
0.25% carrageenan from 50 days ages and it was a significant difference 
to other treatment (p<0.05) and higher than fishball with STPP 0.5%. 
The fat content of this result showed that the fishball with carrageenan 
from 40 days ages was not significant differences with 45 days ages, 
but a significant difference with 50 days ages (p<0.05). The fat content 
result of this study showed varied from 0.22% to 0.55%.

The carbohydrate content of these samples ranged from 2.30% to 
4.42% and there were significantly different (p<0.05) to the treatment.

Crude fiber content, sulfate content, and texture
Crude fiber content, sulfate content, and texture showed in Table 2 . Its role 
in the promotion of health and disease risk reduction such cardiovascular 

Table 1: Proximate analysis of fishball samples

Harvest time (days) Concentration of carrageenan (%) Moisture (%) Ash (%) Protein (%) Fat (%) Carbohydrate (%)
40 0.25 77.89c 1.29a 14.51b 0.27a 2.30a

0.50 75.66a 1.79b,c 14.15b 0.25a 3.60c

45 0.25 77.74c 2.02c 13.40a 0.22a 2.76a,b

0.50 77.36c 1.79b,c 13.48a 0.23a 4.42c

50 0.25 76.41b 1.64a,b 15.23c 0.48b 4.11c

0.50 76.51b 1.62a,b 14.22b 0.55b 3.18b,c

Without carrageenan 77.56 1.87 12.60 0.17 5.22
STPP 0.5% 77.94 1.94 14.85 0.42 1.24
SNI1 Max 65 2.0 Min. 7 - -
1Suggested value for fishball based on Indonesian National Standard (SNI 7266:2014) by BSN (2014). Values within a column followed by different letters are 
significantly different (p<0.05) according to the Duncan’s test

Table 2: Crude fiber content, sulfate content, and texture of fishball samples

Harvest time (days) Concentration of carrageenan (%) Crude fiber (%) Sulfate (%) Texture (n)
40 0.25 4.61d 3.27c,d 1.15a

0.50 1.41a 3.77b,c 1.18a

45 0.25 4.74d 2.59a 1.41a

0.50 3.58c 3.43d 1.21a

50 0.25 2.98b 3.00b,c 1.28a

0.50 4.79d 2.75a,b 1.24a

Without carrageenan 3.43 3.72 0.74
STPP 0.5% 2.84 2.45 1.79
Values within a column followed by different letters are significantly different (p<0.05) according to the Duncan’s test
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disease and cancer [17]. Crude fiber consists largely of cellulose (60–80%), 
lignin (4–6%), and some mineral matter [18]. The result showed that 
there were significant different (p<0.05) on 0.5% carrageenan harvested 
from all seaweed ages, while the fishball with adding 0.25% carrageenan 
from 40 and 45 ages was not significant (p>0.05).

Water activity (Aw)
The water activity of this result showed varied 0.87–0.91 and there 
were significant differences (p<0.05) among treatments (Fig. 1). Aw 
value is used to free or available water in the food system [19].

Color
The color of fishballs samples Table 3 showed that there were significant 
differences (p<0.05) on L* and b* value, while a* value showed that 
there were no significant differences (p>0.05). The L* value of the 
samples ranged from 63.27 to 66.47, the a* value ranged from 2.08 to 
2.30, and b* value ranged from 3.59 to 4.44.

DISCUSSION

The moisture content from the result of this study showed a higher 
than the Indonesian standard. The control samples (fishball without 
carrageenan and fishball added STPP) also showed higher moisture 
compared to the Indonesian standard. This resulted also showed a 
higher compared to Kurniasari et al. [20] that varied from 63.53% to 
66.60% water content of fishball added 0.3% STPP. This result was 
mainly because of the different formulas used in the process to each 
other. The quality of fresh fish can also effect of moisture content. 
The fishball without carrageenan addition showed the lower content 
(12.60%). The protein content of this fishball showed that the result in 
accordance with the standard (min. 7%) [21,22].

The fat content in this sample was affected; many factors such as the 
material of fishballs were used in the process. Carrageenan is one of 
polysaccharides also has a function as a fat reducer. The blend of 
many ingredients containing carrageenan can be used to offset the 

poor quality associated with low-fat, such as beef-burger, meatballs, 
or sausage [23]. The carbohydrate content in these fishballs might be 
derived from tapioca flour. Raw fish was used in this product, in general, 
has low amounts of carbohydrate in their muscle [24].

The sulfate content of foods is one of the important composition because 
of its function in human metabolism. Sulfate may be important for effect 
on the requirement for methionine and cysteine, the effect on the large 
bowel metabolism to reduce a substance potentially toxic [25]. The 
sulfate content of this result varied from 2.59% to 3.77%. The lowest 
content of sulfate obtained on the fishball added 0.25% carrageenan 
cultivated from 45 days ages. While the highest level of sulfate was 
in fishball, it added 0.5% carrageenan harvested in 40 days ages. 
The sulfate content data showed that there were different significant 
(p<0.05) to the treatment. Sulfate content also was one of the important 
properties in the manufacturing carrageenan. The longer harvest time 
may affect the sulfate level decreased [26].

The texture level of this fishball resulted varied from 1.15 N to 1.41 N 
and there were no significant differences (p>0.05). The texture level of 
this sample was lower than the fishball adding STPP 0.5% and higher 
than the samples without carrageenan. The carrageenan adding on 
fishball showed a different level of texture than without carrageenan. 
This result also accordance with [19] reported that carrageenan 
samples on fishballs had the highest of texture parameters.

The crude fiber content of this study varied from 1.41% to 4.79%. 
The highest fiber obtained in the sample with 0.5% carrageenan 
harvested from 50 days ages. This result was mainly because of crude 
fiber in carrageenan obtained; the longest ages have more crude fiber 
containing. The increasing concentration of carrageenan may cause the 
level of crude fiber increased.

Aw is the amount of free water in the product which available to grow 
of microorganism. A low Aw value will prevent microbial growth, 
especially mold [27]. Aw level of the fishballs adding carrageenan lower 
than compared to the fishballs without carrageenan (0.93). It indicated 
that the carrageenan had the ability to bind free water.

The differences of ash content may be caused by the ash content of the 
carrageenan from the various harvest time. Asikin and Kusumaningrum 
[8] reported that the ash of carrageenan from the different harvest time 
affected by the water quality of the seaweed cultivated. The L* value and a* 
value of the fishball with carrageenan lower than compared to the fishball 
without carrageenan and STPP. The addition of carrageenan decreases the 
lightness intensity of fishballs. Color is known to be important for a food 
product as it usually affects consumer preferences. The lighter fishballs are 
perceived to be fresh and have better quality for fish-based products [28].

CONCLUSIONS

The fishballs adding 0.25% and 0.50% carrageenan from various 
harvest times showed that some of the proximate, crude fiber, sulfate, 
L*, and b* were significantly different (p<0.05). While the texture and 
a* were not significantly different for all treatments. Overall, the fishball 
by adding 0.25% carrageenan from 50 days ages of seaweed was 
determined as the best treatment based on the highest protein content 
and the lowest water activity.
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Table 3: The color of fishball samples

Harvest time (days) Concentration of 
carrageenan (%)

L* a* b*

40 0.25 63.90a,b 2.10a 4.09b

0.50 65.27b,c 2.20a 3.64a

45 0.25 66.47c 2.21a 4.15b

0.50 63.70a,b 2.08a 4.26b

50 0.25 63.27a 2.30a 3.59a

0.50 65.99c 2.28a 4.44b

Without carrageenan 68.58 2.35 4.20
STPP 0.5% 69.14 2.24 5.15
Values within a column followed by different letters are significantly different 
(p<0.05) according to the Duncan’s test

Fig. 1: Water activity of fishball samples. Bars within different 
letters are significantly different (p<0.05) according to the 

Duncan’s test.
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