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Abstract. Ampatin smoked sausage made from tofu pulp flour and Pangasius sp. 

is a high-protein product innovation. Amino acids composition will determine 

the quality of protein, which is an important micronutrient for the human body. 

Smoking technique is a process of utilizing heat and smoke from burning wood 

to ripen food products. Antimicrobial, antioxidant and organoleptic quality of 

smoking products have been proven to be superior. This study aimed to observe 

the effect of smoking time on the amino acids quality of ampatin smoked sausage. 

The research was conducted in two stages. The first stage was a literature study 

to find ampatin sausage formulation and smoking time. The second stage was 

sausage making experiments. The amino acids content of both ampatin sausage 

samples showed that the time (30 minutes and 60 minutes) and smoking temper-

ature (120ºC) did not cause protein denaturation. The ampatin sausage was able 

to meet SNI standards with a minimum protein content of 9%. Sample P1 with 

protein of 10.6 %w/w showed amino acids of 9.5 %w/w and sample P2 with 

protein of 11.39 %w/w showed amino acids of 9.4 %w/w. The statistical test 

results of Independent Sample T-tests obtained a p value of 0.910 > α (0.05) with 

the conclusion that there is no difference in amino acids between P1 and P2.
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1 Preliminary 

Proteins consumed daily can be found in various forms and are almost found in every 

food item eaten.  Protein has a very important function, namely as the main source of 

energy besides carbohydrates and fats, as a building and regulating substance, main-

taining tissue and body cells. Protein must be fulfilled every day through the food we 

consume and also need to pay attention to the processing process so as not to damage 

the function of protein.  Protein is a molecule that has a molecular weight of about five 

thousand to one million, so proteins are very easy to denature [1]. Some factors that 

cause protein denaturation, one of which is temperature [2]. Fish smoking can cause 

changes in color, appearance and consistency of meat that is compact and more attrac-

tive, but can cause a decrease or increase in the components of the nutritional compo-

nents in the fish meat [3]. Hot smoking is a heating process that applies a temperature 

of 120ºC for 2-3 hours. Hot smoking time that is not as long as cold smoking will make 

the product still contain high water content.  High water content is one of the factor s 
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that can make food products vulnerable to damage because it can be a medium for the 

development of spoilage microorganisms. The raw material for making charcoal in 

South Kalimantan is widely produced in the Takisung Regency area using laban wood 

[4]. Burning of laban wood (Vitex pinnata) with a pyrolysis temperature of 300ºC for 

1.5 hours produces several components in the form of total charcoal 29.3%, liquid 

smoke 42.55%, hemicellulose 11.47%, cellulose 48.18%, phenol 10.45 ± 0.20, pH 2.97 

± 0.01, total acids 14.04 ± 0.12, total carbonyl 15.43%, and antioxidants 84.26% higher 

than kandis, ubar, and coconut shell [5]. The benefits of the smoking process include 

preservation, bacteriostatic, antioxidative, and organoleptic effects [6]. The making of 

smoked sausage made from tofu pulp flour and Pangasius sp. aims to determine and 

analyze the difference in smoking time on amino acids of ampatin sausage. 

2 Method 

The experiment in this study is to make smoked sausage from tofu pulp and Pangasius 

sp. with the application of different smoking times at 120ºC. Sample P1 will be smoked 

for 30 minutes and sample P2 for 60 minutes. This research was conducted in 2 stages, 

which can be seen in Fig 1. 

 

 

Fig. 1. Research stages. 

The making of Ampatin sausage was carried out at the Food Technology Laboratory of 

the Nutrition Department of Banjarmasin Health Polytechnic and testing of protein and 

amino acids levels of Ampatin sausage was carried out at the IPB Testing and Certifi-

cation Services Laboratory. The ingredients used in making Ampatin sausage are tofu 

pulp flour, fresh Pangasius sp., tapioca flour, salt, vegetable oil, powdered sugar, pep-

per, egg white, ice water, shallots, garlic and ginger. The tools for making tofu pulp are 

gauze, basin, spoon, pot, aluminum, sieve and oven, basin, knife, cutting board, 

chooper, spoon, sausage mold, rubber, pot, plate, scissors and smoking machine. The 

process of making tofu pulp flour can be seen in Fig 2. 
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Fig. 2. Procedure for making tofu dregs flour. 

The stages of the Ampatin sausage making process can be seen in Fig 3. 

 

 

Fig. 3. Procedure for making smoked sausage. 

The data obtained is primary data which includes data from chemical quality tests, 

namely protein and amino acids levels which are then entered into a table. Statistical 

testing was conducted to determine the effect of smoking time on the chemical quality 

of Ampatin sausage. 

3 Result 

The best formulation in making sausages with raw materials of tofu pulp flour and Pan-

gasius sp.  based on the results of literature studies shows that the best treatment is the 
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addition of 10% of the net weight of Pangasius sp. [7]. The literature study also states 

that the best smoking time for sausage is 60 minutes [8].  

3.1 Protein Content 

The heating process can cause a denaturation process in proteins. Denaturation occurs 

when heat breaks down the walls of the meat and decreases the functional properties of 

the protein so that it can damage amino acids, this is what causes protein levels to de-

crease as the heating temperature increases. Protein content in Ampatin sausage can be 

seen in Table 1.  

Table 1. Protein Content of Ampatin Smoked Sausage. 

Protein Content (%w/w) 

P1 P2 

10,6 11,39 

 

The results showed that the average protein content of P2 Ampatin sausage (11.39%) 

was higher than P1 (10.6%) as shown in Table 1. The average protein content of the 

Ampatin sausage met the SNI standard (minimum 9%) and was not significantly dif-

ferent, indicating that the smoking time did not affect the protein content of the two 

samples. 

3.2 Amino Acids Content 

Amino acids composition will determine the quality of protein which is an important 

micronutrient for the human body [10]. Denaturation caused by heat will cause changes 

in the functional properties of proteins. The amino acids content of Ampatin smoked 

sausage can be seen in Table 2. 
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Table 2. Amino Acids Content of Ampatin Smoked Sausage. 

Amino Acids P1 (%w/w) P2 (%w/w) 

Aspartic Acids 1.06* 1.05* 

Threonin 0.45 0.45 

Serine 0.41 0.40 

Glutamate 1.68* 1.66* 
Glycine 0.79 0.66 

Alanine 0.67 0.62 

Valine 0.53 0.53 

Methionine 0.19 0.18 
Ileucine 0.5 0.5 

Leucine 0.82* 0.82* 

Tyrosine 0.24 0.23 

Phenylalanine 0.42 0.43 
Histidine 0.33 0.36 

Lysine 0.71 0.77 

Arginine 0.73 0.73 

 

The test results show that there are three highest types of amino acids, namely gluta-

mate, aspartic acids,and leucine.  

Table 3. Average amino acids content of Ampatin smoked sausage. 

Average amino acids content (%w/w) 

P1 P2 

10,6 11,39 

The results showed that the average amino acids content of P1 Ampatin sausage (9.5%) 

was higher than P2 (9.4%) as shown in Table 3 and was not significantly different, 

indicating that smoking time did not cause protein denaturation in Ampatin smoked 

sausage. 

4 Discussion 

Proteins are macromolecules with nitrogen elements contained in food that are highly 

functional because they perform important functions such as providing structure to cells 

and regulating metabolic reactions [11]. The main factors driving a protein to fold into 

its native structure are numerous non-covalent inter-residue interactions, including hy-

drophobic effects, hydrogen bonds, van der Waals forces, and ionic bonds [11,12]. The 

most prevalent secondary structure is the right-handed spiral α-helix, in which a back-

bone amino group donates a hydrogen bond with another backbone carbonyl group and 

the sequence distance between these two groups is 3.6 amino acids on average. Another 

common secondary structure is the β strand, which exhibits an almost fully extended 

conformation [13].  
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Protein has long been known as a nutrient that can control appetite and satiety, hence 

most healthy diets often recommend high protein and fibre consumption. This is be-

cause protein and fibre can prevent weight regain after dieting, and in the case of obese 

people a diet high in protein and fibre can suppress overconsumption due to its associ-

ation with satiety [14-17]. Consumption of protein higher than the requirement of 1.2 

and 1.6 grams per day can lead to greater fat loss and still maintain fat mass. The ad-

vantages of a high-protein diet are that it promotes satiety for longer and can control 

blood sugar [14]. Given that the protein quantities within such studies are twice what 

Americans consume [18], Other research also confirms this fact, where one high-pro-

tein meal is considered enough to improve satiety, glycaemic control and body compo-

sition [19-22]. 
The most common alternative foods are plant proteins, artificial meat proteins, and 

insect proteins [23]. Nowadays, consumers are more concerned about sustainable con-

sumption patterns that do not consume a lot of resources [24]. Attempts made to con-

tinue to develop sustainable products are developing research that protein can be ob-

tained from other innovative products, to maintain the sustainability of the food system 

[25]. The key to providing a good source of nutrition in a short period of time is to 

utilise alternative foods, so alternative foods are expected to play an important role in 

the future [26]. Food alternatives will play an important role [27], Some of the reasons 

that support food innovation are that it provides convenience for anyone who consumes 

according to their needs, customisation and nutritional needs that have not been able to 

be met [28]. 

Ampatin sausage is one of the innovative products made by utilising tofu factory 

waste, namely tofu pulp which is processed into tofu pulp flour. to increase the nutri-

tional content in this smoked sausage, catfish is added as another source of protein. The 

choice of catfish is because catfish is one type of fish that has a high protein content 

[29]. Protein in catfish has a complete composition and amount of essential amino acids 

[30]. 

The formulation of making Ampatin sausage is using tofu pulp flour as much as 10% 

of the net weight of catfish. The making of Ampatin sausage is divided into several 

stages, namely raw material preparation, sausage making material preparation, sausage 

processing and sausage smoking using a smoke machine. The first raw material prepa-

ration is the making of tofu pulp flour.  

The initial stage after taking the tofu pulp from the factory, then the tofu pulp is 

squeezed using gauze to reduce the water content. The second stage is steaming the tofu 

pulp at 100ºC for 15 minutes. Steaming aims to maintain the quality of the tofu pulp 

until the drying process. The third stage is the drying process with an oven (60-70ºC) 

for approximately 12 hours, then grinding and sieving 40 mesh. 

The first stage of the process of making Ampatin sausage is cleaning Pangasius sp. 

weeding the fish (removing the head, tail, skin, and entrails), washing it with running 

water, filleting the Pangasius sp., and weighing it. The second stage is weighing all the 

spices used, namely tapioca flour, salt, vegetable oil, refined sugar, pepper, egg white, 

ice water, shallots, garlic, and ginger. The third stage is to grind the catfish and add ice 

water and salt. After that, 10% tofu pulp flour was added. Next, the sausage dough is 
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put into a sleeve and steamed for 15 minutes. The fourth stage is smoking the sausages 

in a smoking machine. 

Heating from the smoking process is one of the cooking processes that can be used 

on food ingredients. Heating in the smoking process comes from burning wood which 

will then produce the chemical components of smoke. The chemical components of 

smoke are highly dependent on the type of wood used. The wood used for smoking 

Ampatin sausage is halaban wood which has a high hemicellulose content. The chem-

ical content of smoke is what will produce the advantages of smoked products including 

preservation effects, bacteriostatic effects, and effects on sensory. the advantage of 

smoked products is that they have a distinctive flavour that cannot be added by other 

food flavours. 

The application of temperature and time in sausage making did not cause protein 

damage. The parameter used to see protein damage is the amino acid content in Am-

patin sausage.  

This denaturation process can be seen from the total amino acids contained in it. 

Heating will cause chemical changes in amino acid residues, which can cause changes 

in the structure, digestibility and functional properties of proteins and this depends on 

the processing process used [31]. The test results of amino acid content in both samples 

were not significantly different, which means that the protein did not undergo excessive 

denaturation. 

Glutamic acid is a charged amino acid (polar) together with aspartic acid and belongs 

to the class of non-essential amino acids. Glutamate levels in Ampatin sausage did not 

differ significantly between P1 (0.68%w/w) and P2 (0.66%w/w). Glutamate acid plays 

a role in providing umami flavor if the concentration in the food product is above the 

taste threshold [32]. Arginine-type amino acids will impart a salty flavor [33]. Glycine 

and alanine can also give a sweet taste to aquatic foods [32]. 

Amino acid metabolism plays an important role in various physiological functions 

and not only for internal organ development or skeletal muscle gain. [35]. Methionine 

is an important amino acid for protein synthesis and has antioxidant functions, acting 

as a precursor of cysteine and glutathione in the transsulfuration pathway [36] and 

through methionine sulfoxide reduction action [37]. Elevated arginine levels have been 

shown to alleviate oxidative stress [38], stimulate protein synthesis through activation 

of mTOR pathway [39], improve antioxidant capacity, and humoral and cell-mediated 

immunity [40, 41]. The results of amino acids testing of Ampatin sausage can be con-

cluded that both samples of Ampatin sausage do not experience significant protein de-

naturation because they have amino acids levels that are not significantly different. This 

proves that the smoking time of 30 minutes and 60 minutes at 120ºC does not make the 

protein denature the protein. 

5 Conclusion 

The results showed that the smoking time of 30 and 60 minutes at 120ºC did not make 

the protein in the ampatin sausage undergo a denaturation process because it was seen 

from the amino acid levels of the two samples not much different. However, the average 
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amino acids content of P1 Ampatin sausage (9.5%) was higher than P2 (9.4%). Smok-

ing for 60 minutes was the best time in making Ampatin smoked sausage. The highest 

amino acids contained in Ampatin sausage were glutamate, aspartic acids, and leucine. 

Further development of Ampatin sausage is expected to use other smoking techniques 

to get the best smoking method to produce Ampatin smoked sausage products. 
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