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ABSTRACT 
The purpose of this review article is to examine the use of fish protein concentrate as a protein fortification ingredient in biscuits, bread, and 
traditional food products. Based on the various articles and other literature reviewed, it can be concluded that the use of fish protein con-
centrate in biscuits, bread, and traditional products can increase the protein content of these products. The maximum acceptance of the 
panellists for the product occurs when the additions of fish protein concentrate less than 10%. The application of nanotechnology in fish 
protein concentrate is an alternative to the development of fish protein concentrate as fortification ingredients. 
 
 
Introduction 

Inadequate protein intake is one of the causes of many cases of nutritional deficiencies [1][2]. Protein intake is very important for 
the body, because the function of protein, which is to build new cells and replacing the damaged cells, cannot be replaced by other 
nutrients [3]. Protein deficiency can inhibit the formation of antibodies, causing the immune system to decline, and as a result, the 
body will be susceptible to disease [4]. Recurrent chronic infections are sign that the body is experiencing a lack of protein energy [2]. 
The impact of protein deficiency on children had a 3.46 times greater risk of becoming stunted compared to children with adequate 
protein intake [5]. 

 
Foods that are loved by children, such as biscuits, bread, and snacks usually have low protein content. Therefore in order to prevent 
nutritional deficiencies, protein enrichment for these foods is very important. The ingredients that can be used for protein enrich-
ment are fish protein concentrate. 

 
Fish protein concentrate (FPC) is a product obtained from the extraction using organic solvents and drying process to remove fat and 
water from the fish body [6][7]. This separation product which is a ‘stable protein’ has a higher protein content than before and is 
intended as human food ingredients [8]. The commonly used organic solvents are ethanol and isopropyl alcohol. These organic sol-
vent can also remove the fishy smell in the concentrate. The use of fish protein concentrate as fortification ingredients in food prod-
ucts with low protein content is an alternative to increase protein consumption and product nutritional quality [9]. Therefore, it is 
very important to study the use of fish protein concentrate as a protein fortification ingredient in biscuits, bread and traditional food 
products. 
 
Fortification of Fish Protein Concentrate in Biscuit 

Fish protein concentrate can be applied to daily consumed foods. The addition of fish protein concentrate as fortification ingre-
dients for food products is one of the promising alternative uses, for example, the fortification of biscuits. A research on fortification 
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of fish protein concentrate in biscuits has been conducted by Afriani et al. in 2016 to determine the effect of tilapia fish protein addi-
tions on the biscuit’s chemical and organoleptic characteristic [10]. The treatment used in the research was the addition of 0%, 5%, 
10%, 15%, and 20% tilapia fish protein concentrate with the formulation shown in Table 1. 

 
Table 1. Formulation of Tilapia FPC Fortification in Biscuit 

 

Ingredients 
Tilapia FPC Biscuit Formulation 

0% 5% 10% 15% 20% 
Flour 170 170 170 170 170 
FPC 0 8,5 17 25,5 34 
Butter  100 100 100 100 100 
Sugar 50 50 50 50 50 
Egg Yolk  36 36 36 36 36 
Milk 50 50 50 50 50 
Baking Powder 2 2 2 2 2 
Vanilla  2 2 2 2 2 
Total  410 410 410 410 410 

Source : Afriani et al. [10] 
 
In the application of food quality, organoleptic testing is very important to determine indication of spoilage, deterioration of quali-

ty and other damage to a product [11]. The appearance of a product is very important, because appearance is the first thing that 
consumers perceive, appearance also tends to give the impression that the food product is of good quality [12]. As shown in Table 2. 
the tilapia fish protein concentrate addition in biscuits did not make a significant difference to the appearance. Treatments 0%, 5%, 
and 10% have median values of 7 which mean the product is favored by the panelists. Tilapia fish protein concentrate addition in 
biscuits also did not make a significant difference to the other organoleptic properties such as aroma, taste, and texture. For aroma 
and taste, the best results were obtained from the addition of 5% FPC with a value of 7,8 and 7,7, respectively. This is due to the spe-
cific aroma of the fish that has not yet been smelled in 5% treatment. In terms of texture properties, the best result was also pro-
duced by the 5% treatment with a value of 7.3 and in general the addition of tilapia fish protein concentrate to the texture of the 
biscuits resulted in values from the median range of 6-7. Along with the addition of tilapia fish protein concentrate, the value of the 
texture properties decreased. The decreased value was caused by the interaction between protein and starch granules which inhi-
bited the release of water when baked [13]. 

 
Biscuit hardness values ranged from 1201,91 to 1383,53 gf/cm2, with the highest value resulting from treatment 20%, by 1383,53 

gf/cm2. The increased hardness of these biscuits can be caused by the density of the biscuit dough in the formulation. The denser 
the dough, the harder the biscuits will be. Biscuits hardness can also be caused by the baking temperature and time. High tempera-
ture can cause the denaturation of myofibril protein and binding tissue [14][15]. Denaturation of protein will result in the disruption 
of water and fat binding capacity, which will affect the hardness of the product [10][16]. 

 
In chemical characteristics testing, as shown in Table 2, the value of water and protein content increased with the addition of tila-

pia fish protein concentrate. The water content value range from 2,88 to 4,22%. This resulted still considered good quality biscuits by 
the BSN (National Standardization Agency of Indonesia), as the maximum limit of water content allowed in Indonesia is 5% [17].The 
protein content value range from 9,12 to 17,41%. This result also considered good quality biscuits since the minimum value allowed 
in Indonesia is 5%. Overall, the addition of tilapia FPC by 5% resulted in the biscuit product with the best acceptance rate.  
 

Table 2. Biscuit Chemical and Organoleptic Characteristic with Tilapia FPC Addition 
 

Variable 
Tilapia FPC Addition 

0% 5% 10% 15% 20% 
Appearance 7,1 7,0 6,2 6,7 6,0 
Aroma 7,0 7,8 6,5 6,0 6,1 
Taste 7,1 7,7 6,7 6,4 5,6 
Texture 7,1 7,3 6,3 6,2 6,0 
Hardness (gf/cm2) 1201,91 1207,89 1252,76 1331,77 1383,53 
Water content (%) 2,88 3,22 4,22 4,15 4,22 
Protein content (%) 9,12 11,09 13,47 15,23 17,41 

Source : Afriani et al. [10] 
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Another study was conducted by Anugrahati et al. by using sutchi catfish protein concentrate as biscuit fortification ingredients 

[18]. Sutchi catfish is widely consumed in Indonesia as the cultivation productivity rate is high. Sutchi catfish is known as freshwater 
fish which has high protein content and low fat content. Sutchi catfish has nutritional content value as follows : water content 74,4%, 
protein 17%, fat 6,6%, and ash 0,9% per 100 grams [19]. The treatments used in this study are the addition of sutchi catfish protein 
concentrate by 0%, 10%, 15%, 20%, and 25% with the formulation shown in Table 3. 

 
Table 3. Formulation of Sutchi Catfish FPC Fortification in Biscuit 

 

Ingredients 
Sutchi Catfish FPC Biscuit Formulation 

0 % 10 % 15 % 20 % 25 % 
Wheat  100 100 100 100 100 
FPC  0 10 15 20 25 
Shortening  27 27 27 27 27 
Sugar  32 32 32 32 32 
Salt 1.5 1.5 1.5 1.5 1.5 
Milk  6 6 6 6 6 
Baking powder  0.5 0.5 0.5 0.5 0.5 
Vanilla  0.05 0.05 0.05 0.05 0.05 
Lecithin 0.4 0.4 0.4 0.4 0.4 
Water 8 8 8 8 8 
Chicken eggs  2 2 2 2 2 

Source : Anugrahati et al. [18] 
 
The organoleptic test results, as shown in Table 4. showed that the addition of Sutchi catfish protein concentrate did not cause a 

significant change to the color. And in the addition of 25% sutchi catfish protein concentrate, the biscuit show a slight discoloration to 
a darker color. This phenomenon is caused by a reaction between reducing sugars and amino acids during the heating process. This 
reaction has a big impact on the food industry because this reaction not only affects the color of the product, but also affects the 
aroma and taste [20]. The discoloration in biscuits also affect the brightness property value, the darker the color the lower the 
brightness. The organoleptic test also showed that the addition of sutchi catfish protein concentrate addition affect the aroma and 
taste of biscuits. The aroma and taste score decreased along the protein concentrate addition, namely 4,10 to 3,23 and 4,20 to 3,10, 
respectively. This is due to the significant aroma of sutchi catfish is more clear along the addition of the fish protein concentrate. The 
score decreased also occurred in the crunchiness property. The crunchiness score decreased from 4,00 to 2,83 along with the protein 
concentrate addition. The decreased score is caused by the increasing density of the dough. Inversely proportional to crunchiness, 
the hardness property increases with the increasing of the dough density. Other factors that can be affect the hardness properties 
are the baking temperature and time [10]. 

 
Table 4. Biscuit Physical and Organoleptic Characteristic with Catfish FPC Addition 

 

Variable 
Sutchi Catfish FPC Addition 

0% 10% 15% 20% 25% 
Color 3,43 3,53 3,53 3,57 3,93 
Aroma 4,10 4,07 3,80 3,67 3,23 
Taste 4,20 3,83 3,70 3,33 3,10 
Crunchiness 4,00 3,80 3,60 3,10 2,83 
Brightness 74,57 72,12 70,13 68,13 65,65 
Hardness (gf) 1739,56 1757,55 1778,44 1805,22 1804,44 

Source : Anugrahati et al. [18] 
 
In this research, the addition of 15% catfish protein concentrate resulted in the best chemical characteristic values. This is because 

of the protein content in the addition of fish protein concentrate by 15% increased significantly compared to the control treatment, 
while other chemical properties such as water content, fat content, ash content, and carbohydrates did not experience significant 
changes as shown in Table 5. The in vitro protein digestibility of biscuits for the 15% treatment was significantly different from the 
control treatment, but not significantly different from commercial biscuits. The increased value of protein content in biscuit with 15% 
protein concentrate addition treatment causing the increase in protein digestibility as the protease activity in breaking down the pro-
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tein also increased. But the increased number of protein content does not necessarily increase the digestibility [21][22]. There are 
other factors that can affect the protein digestibility, such as interaction between protein and polyphenols, phytates, carbohydrates, 
fats, and protease inhibitors, and there is also factors related to the characterization of protein structures such as tertiary, quarter-
nary, and structure that can be damaged by heat and the reduction treatment [23][24][25][26]. 

 
Table 5. Chemical Properties of Difference Treatments in Biscuits 

 

Variabel (%) Control Treatment 
Biscuits 

Addition of 15% FPC 
Biscuits 

Commercial 
Biscuits 

Water content 4,49 4,38 3,29 
Protein content 8,59 18,72 9,37 
Fat content 18,00 18,15 16,20 
Ash content 2,29 2,32 1,74 
Carbohydrate 66,63 56,43 69,42 
Protein digestibility in vitro 87,82 91,71 90,35 

Source : Anugrahati et al. [18] 
 
Fortification of Fish Protein Concentrate in Bread 

Apart from being used as an ingredient in biscuits, fish protein concentrate can also be used as a fortification ingredient in bread. 
Like any other Southeast Asian countries, bread is not the main staple food in Indonesia. But in Indonesia, breads with sweet filling 
are loved by children. As a source of carbohydrate, bread has a little protein content but high in fat content. Considering that sweet 
stuffing breads are loved by both children and adults, bread has the potential to be fortified with fish protein concentrate to increase 
its protein content and to support the increase of protein intake in Indonesia. The increase in protein content is expected to increase 
the product value. 

 
Research on the addition of fish protein concentrate in bread has been conducted by Defira et al. in 2019 [27]. The fish protein 

concentrate used in this research is tilapia fish protein concentrate, the addition treatments used were 0%, 5%, 10%, and 15% and 
the formulation as shown in Table 6. The solvent used in the making of tilapia fish protein concentrate is isopropyl alcohol. The  

 
Table 6. Formulations of ingredients in breads fortified with tilapia FPC 

 

Ingredients 
Treatments 

0% 5% 10% 15% 
Flour (g) 750 750 750 750 
FPC (g) 0 37.5 75 112.5 
Margarine (g) 75 75 75 75 
Sugar (g) 100 100 100 100 
Salt (g) 2 2 2 2 
Milk (g) 30 30 30 30 
Yeast (g) 11 11 11 11 
Vanilla (tsp) 3 3 3 3 
Water (ml)  300 300 300 300 
Chicken Eggs (grain) 3 3 3 3 

Source : Defira et al. in 2019 [27] 
 
Tilapia fish protein concentrate addition in biscuits gave changes to the biscuit organoleptic characteristics. As in the appearance, 

the more the fish protein concentrate addition, the browner the color. The fish protein addition also affects the number of brown 
spots on the bread surface. The browning and the spots formation was due to the increase number of protein [28]. The brown color 
and spots on the surface of the bread are caused by the reaction between amino acids and peptides contained in the fish protein 
concentrate with reducing sugars from other bread ingredients [29]. Based on the sensory analysis result by 80 panelists, bread 
without the addition of tilapia fish concentrate has the best appearance with light brownish yellow color, as shown in Table 7. The 
brown spots on bread seemed to decrease the panelist interest on the bread appearance. 

 
As for the texture, aroma, and taste, the highest analysis results came from bread with 5% tilapia fish addition. The tilapia fish pro-

tein concentrate addition of 5% bread has a soft and elastic texture. The percentage of tilapia fish addition in bread affect the bread 
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water content, as fish protein is water absorbent [30]. Increasing the tilapia fish protein concentrate in dough will decrease the glu-
ten number, so it will affect the rise ability of the bread and causes the bread to dense [31]. The 5% treatment did not give a signifi-
cant change in the original aroma and taste of the bread, meaning that this much addition is likeable by the panelists.  

 
Table 7. Average Sensory Analysis Score 

 

Characteristics Treatments 
0% 5% 10% 15% 

Appearance 7,01±0,06b 6,99± 0,05b 6,97±0,03bb 6,86±0,04a 

Texture 7,15±0,09bc 7,23±0,05c 7,07±0,05b 6,87±0,03a 

Aroma 7,11±0,15bc 7,23±0,05c 6,95±0,03ab 6,87±0,06a 

Taste 7,11±0,05ab 7,29±0,07b 7,03±0,10a 6,97±0,04a 

Source : Defira et al. in 2019 [27] 
 

The addition of tilapia fish protein concentrate has been shown to increase the protein content in bread. The protein content value 
range from 8,37-17,37%, with the lowest value came from the control treatment and the highest content came from the 15% treat-
ment. Thus, the best treatment for the tilapia fish concentrate fortification in biscuits came from the 5% treatment, which have the 
best results in organoleptic analysis and higher protein content. 
 
Fortification of Fish Protein Concentrate in Traditional Food 

In addition to the products previously described, food products that can be fortified with fish protein concentrate are traditional 
snack products. For example, mlarat cracker, the Indonesian traditional cracker originating from Cirebon region. This product is 
known for its unique frying process. Usually cracker products are fried using vegetable oil, but the frying process of mlarat crackers 
using sand. This frying process with sand is what makes this product called mlarat craker (poor cracker). The ingredients used in mak-
ing mlarat crackers include tapioca flour and spices consisting of onions, salt and other spices. The ingredients used in the production 
of mlarat crackers does not contain protein, therefore to improve the nutritional value of the product, fortification can be done with 
fish protein concentrate. The study on fortification of fish protein concentrate in mlarat cracker has been conducted by Listyarini et 
al. in 2018 [32]. 

 
The fish protein concentrate used in the research was from African catfish afkir dissolved in two different solvents, ethanol and 

isopropyl alcohol (IPA), and underwent four extraction stages. The fish protein concentrate addition treatment consisted of six differ-
ent treatments; the control treatment with fish protein concentrate addition of 0%, and the African catfish afkir protein concentrate 
addition of 6%, 8%, 10%, 12%, and 14%. The use of African catfish as a source of fish protein concentrate is based on its high protein 
content, which is 17.09% and its moderate fat content, which is 2.75%. 

 
Based on the research, the addition of African catfish protein concentrate to mlarat crackers was proven to increase protein con-

tent, with the highest protein content obtained from the addition of 14% fish protein content treatment is 14.80%. The analysis of 
the florescence level was carried out by comparing the volume of crackers before and after the frying process. As shown in Table 8. 
the addition of fish protein concentrate tend to reduce the fluorescence level. The decrease in the fluorescence level was a result of 
the starch usage reduced and replaced by fish protein concentrate [13]. The fish protein concentrate then fill the cavities formed 
during the heating process so that the cavities being formed getting smaller, so the level of florescence will decreases. In addition to 
the decreasing of fluorescence level, the crunchiness and the flavor values of the crackers also decreased. This is because of the high 
protein content in food product tends to reduce the level of crunchiness and flavors [33]. The protein from fish protein concentrate 
will have an interaction with starch granules which causes water excretion to be inhibited, so that when the frying process is done, 
only a little of water evaporated from the crackers and decrease the cracker’s florescence level and crunchiness value [13]. As for the 
taste and color analysis, the assessment carried out is subjective with hedonic testing. 

 
Table 8. Results of Mlarat Crackers Analysis with the Addition of African Catfish FPC 

 

Variable 
Treatments 

0% 6% 8% 10% 12% 14% 
Protein (%) 1.24 9,10 11.38 12.41 14.10 14.80 
Affinity Rate (%) 406.00 344.00 334.00 285.00 209.00 183.00 
Crunchiness (Score) 4.93 4.70 4.07 3.60 2.93 2.10 
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Taste (Score) 1.90 2.40 2.06 2.36 2.26 2.26 
Color (Score) 4.80 4.36 4.26 4.06 4.13 4.13 

Source : Listyarini et al. in 2018 [32]. 
 
Another Indonesian traditional product that can be fortified with fish protein concentrate is semprong roll cookies. Semprong is an 

Indonesian traditional roll cookies made from rice flour which has a crunchy texture, cylindrical in shape, and has a sweet taste. Re-
search on the addition of fish protein concentrate in semprong has been conducted by Wijaya et al., in 2017 using snakehead fish 
(Channa striata) protein concentrate [34]. The addition of snakehead fish protein concentrate aims to increase the animal protein 
content of semprong. The snakehead fish protein concentrate addition treatments used in the research was 0%, 5%, 10%, and 15%. 
The parameters tested in this study included organoleptic parameters (taste, texture, appearance, aroma) and proximate values 
(moisture, protein, and fat content). 

 
Based on the results of the study, the addition of snakehead fish protein concentrate in semprong had a significant effect on the 

organoleptic assessment and nutritional content, as shown in Table 9. In organoleptic testing with moderately trained panelists, it 
was found that semprong with the addition of fish protein concentrate treatment by 15% gave the best assessment results. As for the 
proximate test, it was found that the addition of snakehead fish protein concentrate affected the protein content, water content, and 
fat of semprong. The greater the fpc additions treatments, the greater the protein content and water content. As for fat content, the 
addition of FPCs is inversely proportional to the fat content result [34].  

 
Table 9. Results of the Analysis of Addition of FPC in Semprong 

 

Variable 
Treatments 

0% 5% 10% 15% 
Taste 2.33 2.81 3.35 3.67 
Texture 2.03 2.61 2.86 3.49 
Fine 2.47 2.68 3.12 3.56 
Aroma 2.44 2.81 3.17 3.68 
Water content 3.09 3.10 3.16 4.57 
Protein 8.90 11.41 13.06 21.62 
Fat 13.37 11.80 8.00 5.31 

Source : Wijaya et al. [34] 
 
Fish Protein Concentrate Development 

As a processed fish product, fish protein concentrate has features in the form of high nutritional value and has non-lost protein 
functional properties [34]. Therefore, this product has been developed in various forms of food processing to increase the nutritional 
value of a food product. The benefits provided by fish protein concentrate in food products are expected to be a solution to the glob-
al problems regarding hunger and malnutrition (especially protein deficiency). Initially the fish protein concentrate product consi-
dered less attractive, because generally the concentrate product was in the form of flour that has a strong fishy aroma like fish meal 
for animal feed. This strong aroma could be a problem when the fish protein concentrate fortified in other product, because it can 
affect the taste. The food product taste is influenced by chemical compounds, concentrate, and the interaction with othe component 
[35]. The greater the amount of tilapia protein concentrates addition, the stronger the fish taste [36][37]. 

 
However, along with the times, fish concentrate products also began to develop. Various studies have been conducted to deter-

mine the best chemical, physical and biological processing techniques to produce concentrates that can be used in the manufacture 
of food products. One example of the newest fish protein concentrate product is marine beef, which can be used as a substitute for 
beef products in various food preparations. Dehydrated marine beef has excellent emulsion, coagulation and gel formation power 
[38]. Because marine beef has similar taste as beef, this fish proteins concentrate can be a solution for alternative animal protein 
source for people who cannot eat beef products.   

 
Processed fish protein concentrate products have a great potential in the future. This is due to the growing number of people who 
understand the importance of consuming high nutritious and balanced food products and the large opportunity for innovation in 
processed fish protein concentrate products. Even so, the big opportunity for developing fish protein concentrate products in the 
future is not without challenges. In its development, fish protein concentrate product development must be accompanied by ade-
quate resources, meaning that it did not disturb the resource requirements for other fields. Apart from resource challenges, another 
challenge that may arise in the development of future fish protein concentrate products is the appropriate market. The challenges in 
developing fish protein concentrate largely depend on dietary habits, customs or culture, as well as consumer preferences. Although 
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many people have begun to understand the importance of nutritional content in improving the quality of life, many people also 
choose food based on their eating habits, economic capacity, and other reasons. Another challenge in developing its development as 
an ingredient or supplement to food product formulations, fish protein concentrate must be able to mix well without reducing the 
appearance, texture, taste and aroma of the food product. The application of nanotechnology in fish protein concentrate is to answer 
these challenges. the texture, taste and aroma of the food product. The application of nanotechnology in fish protein concentrate is 
to answer these challenges. the texture, taste and aroma of the food product. The application of nanotechnology in fish protein con-
centrate is to answer these challenges. 
 
Conclusion 
The results of the review show that the use of fish protein concentrate in biscuits, bread and traditional products can increase the 
protein content of these products. The maximum acceptance of the panelists for the product occurs when the fish protein content 
increases not more than 10%. The application of nanotechnology in FPCs is an alternative to the development of fish protein content 
product as fortification ingredients. 
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