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Abstract: One crucial period in the provision of food for Hajj/Umrah is the time between opening the 

package and consuming it by the pilgrims. This study aimed to determine the sterilization time to prevent 

damage and maintain acceptance by consumers. The methodology of this research was sterilization with 

variations in retort pressure settings and raw materials: (A) 1.8 bar pressure, 100 % skipjack; (B) 1.2 bar 

pressure, 90 % skipjack; (C) 1.2 bar pressure, 70 % skipjack; (D) 1.8 bar pressure, 50 % skipjack. The 

analysis included two components. The (i) was the determination of the adequacy of sterilization time, the 

(ii) was the observation of quality deterioration, which was based on organoleptic and Total Plate Count.  

The results showed that the adequacy of sterilization for variations A, B, C, and D was: 121.5 °C for                 

4.8 min; 114.5 °C for  4.8 min; 115.4 °C for 5.31 min, and 124.0 °C for 13.4 min. TPC analysis, which 

was carried out at 0 h, 3 h, 9 h, and 12 h in a row were 4 × 100, 2 × 102, 2 × 102, and  3 × 103. In terms of 

consumer acceptance, sterilized products have good values, with organoleptic values ranging from 7.8 to 

8.2 (scale 1 to 10). 

Keywords: Deterioration, food preservation, Katsuwonus pelamis Linnaeus 1778, lethal rate,   

sterilization time 

1 Introduction 

The Coordinating Ministry for Economic Affairs estimates the number of Indonesian pilgrims to reach 4.34 × 106 in 

2019 and is expected to reach 5.24 × 106 in 2022. The number of Indonesian Umrah pilgrims has increased every year, 

in 2016 reaching 699.6 × 103 pilgrims increase of 7.2 % from the previous year while in 2018 Umrah pilgrims reached 

1.1 × 106 people and are predicted to increase. This can be seen from the waiting list or waiting list of prospective 

pilgrims recorded to date [1]. 

The index of satisfaction of pilgrims from Indonesia for domestic government services currently was only 84.85 in 

2017 to 85.23 in 2018 [2]. Therefore, the government continues to make efforts to comfort pilgrimage and Umrah from 

Indonesia. Among the efforts is the coordinated plan of the Ministry of Religious Affairs and the Ministry of Marine 

and Fisheries (KKP), by which nutritious fish products are to be added to the Indonesian pilgrims.  
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The problem is related to the palatability and quality maintenance of the product, especially during the product 

delivery periods. In line with this, the right preservation is very critical. Preservation has the function to inhibit or stop 

some of the activity of spoilage bacteria in the body of the fish. Food preservation techniques that can be determined 

and widely used are preservation with high temperatures, for example is the storage of fish products in dermatological 

packaging. 

Basically, the thermal process in the processing and preservation of food is intended to eliminate or reduce 

undesirable biological activity in food ingredients, for example, enzyme and microbiological activities. It turns out that 

during the thermal process also occurs simultaneously damage to nutrients such as vitamins and factors that affect the 

quality of food ingredients such as color, texture, and taste. The existence of this fact causes the thermal process to 

develop into an optimization process that aims not only to extend the shelf life of food in closed containers but also as 

much as possible try so that the preservation process using high temperatures can maintain the nutrition of food 

ingredients as much as possible. Thus, optimization of the process of sterilization of canned food is needed to be able to 

determine the combination of temperature and time during heating that can meet food safety criteria. 

The adequacy of the thermal process is very dependent on the natural conditions of the product, pH, resistant 

microorganisms or enzymes, product sensitivity and the type of heat application used [3]. The rate of decline in the 

number of microbes by heat to a safe level follows first-order or decreases logarithmically. Mathematically the decrease 

in the number of microbes or logarithmic cycles of microbial decline (S) is expressed by the  Equation (1): 
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where Nt is the number of microbial populations after the thermal process t minutes and No is the number of initial 

microbes before the process is carried out. Since the understanding of the temperature distribution inside the retort is 

vital for optimizing the sterilization process, several studies have been published that present the results of both 

experimental and simulation attempts to identify the temperature distribution profiles inside the retort [4]. 

The adequacy of the thermal process to kill the target microbe to the desired level is expressed in F0 values. In 

general, the F0 value is defined as the time (usually in minutes) needed to kill the target microbes to a certain level at a 

certain temperature. For low-acid fishery products, the target bacteria is Clostridium botulinum, and where the 

sterilization process uses the 12D concept. In the 12D concept, a thermal process is carried to reduce microbes by                                       

12 logarithmic cycles or F = 12D [5]. 

The resulting fishery products are packaged in retort plastic pouches, which are then sterilized. A retort pouch is a 

flexible packaging in the form of a pouch or bag that is used to package ready-to-eat food products. Retort pouch 

packaging has been widely used in the sterilization of products to replace cans, because the packaging of such cans is 

relatively expensive, causing the price of products packaged with the packaging to become expensive. The packaging is 

made of aluminum foil and polymer laminate materials that are resistant to the sterilization process. The expected 

outcome of sterilization using this kind of material is consumer satisfaction. Regarding consumer satisfaction with 

fishery products, satisfaction should include a number of common attributes such as stability, safety, composition, and 

better health effects [6]. The current state of the art in retort pouch processing has increased commercial value and can 

offer consumers a level of quality, safety, and convenience not realized by other means [7].  

In addition to being closely related to the characteristics of the product characteristics, the more general safety and 

quality of the food as well as producing fishery products that can be directly prepared and have fairly good 

competitiveness. This is the basis that safe products with high quality, both quality and taste will provide high selling 

points. The purpose of this study is to determine the temperature setting and the sterilization time of skipjack fish in 

retort plastic pouch packages with the coldest target point reaching the sterilization temperature. The adequacy of the 

sterilization process can be determined through the calculation of Thermal Death Time (TDT) or  F0. Biological and 

chemical indicator testing is also carried out for ongoing quality assurance testing of representative samples of the 

actual sterilized product and product testing when major changes are made in the packaging, packaging, or cargo 

configuration [8]. 

2 Materials and methods 

The main ingredient used is fresh skipjack (Katsuwonus pelamis Linnaeus, 1758) size of 2 kg, obtained from the fish 

auction place. Fish preparation included washing, cleaning, and cutting under running water. Additional ingredients 

were then added to the cleaned and cut fish. The additional ingredients were potato and seasoning agents. Four 

combinations of material were prepared for experiments, namely: 

A. 100 % skipjack 

B. 90 % skipjack, 10 % potatoes 

C. 70 % skipjack, 30 % potatoes 

D. 50 % skipjack, 50 % potatoes 
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The packages were plastic retort pouches of 13 cm  × 20 cm dimensions. These packages were of aluminum foil or 

nylon coating and can be sterilized up to a temperature of 135 °C packagings. The instrument used for the sterilization 

process is the Gonzon retort, whose specifications were: 3 500 W electric heating power and 0.66 m3. During the 

experimental sterilization, the retort temperature was set at 121.1 °C; meanwhile, the pressure and the material followed 

four combinations: 

i. Pressure of 1.8 bar, combination A 

ii. Pressure of 1.2 bar, combination B 

iii. Pressure of 1.2 bar, combination C 

iv. Pressure of 1.8 bar, combination D 

The increase in temperature during the sterilization process was monitored through the reading machine of the Data 

Logger brand Ellab CTF9004. A connecting cable connected this machine with the retort chamber and the coldest point 

of the sterilized material, which was the center of the product in the retort plastic pouch. Data reading of temperature 

development was processed using Microsoft Office Excel software. The calculation was done using the Improved 

General Method equation developed by Lewis in Praharasti  [3], in Equation (2) and Equation (3): 
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where F0 can be calculated by the Equation (3): 

 LdtF =0              (3)  

The calculated lethality (F0) was used to determine the value of sterilization or a reference for the sterilization 

process of the sterilized material. After the lethal rate was calculated using Equation (1), the F0 value was calculated 

using Equation (4): 

  ( ) = tLvalueTTDT            (4) 

The calculation of the sterilization value (sterilization value) was done using the Equation (5) and Equation (6): 
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The unit F0 was minute while the unit of sterilization value is min–1. 

In addition to the determination of the sterilization adequacy, the method used in this study was the measurement of 

organoleptic and TPC values, which were intended to determine the deterioration of quality after the product was 

opened from its packaging, with a span of 0 min, 3 h, 6 h, and 9 h. 

The organoleptic value measurement referred to the standard of the closest product. This was the Indonesian 

National Standard [Standar Nasional Indonesia/SNI] 2346: 2006 concerning the canning of mackerel and sardine in 

Balado sauce. Meanwhile, Total Plat Count testing was based on the SNI 2332: 2015 concerning the TPC testing on 

fishery products. 

3 Results and discussion 

3.1 Sterilization process needs 

The adequacy of sterilization is associated with the F0 value, which is calculated from plots that link temperature, time, 

and LR (microbial mortality rate of various temperatures), which is read from the sterilization process.  

The plot of the LR value and time produces a thermal death velocity curve (TDT). The F0 value is obtained from the 

area of the trapezoid on the TDT curve, by adding up the two sequential LR values divided by two and multiplying by 

∆t  [9]. Based on the above approach, the following are the results of reading the sterilization process for samples A, B, 

C, and D. Optimization of thermal processing for minimizing nutrient loss without compromising safety was the major 

challenge for the food industry [10].  

3.1.1 Sample A 

In the sterilization of Sample A, the maximum temperature measured at the retort temperature was 121.5 °C and the 

product temperature was 117.4 °C. This sterilization process resulted in the temperature of the sterilization process 
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reaching the target temperature. In this case, the graph of temperature and time rise in the process of sterilizing sample 

A can be seen in Figure 1.  

 

Fig. 1. Sample graph sterilization process A 

 

Figure 1 shows that the maximum temperature is 121.5 °C. From Figure 2 it was found that the time required for 

sterilization (F0) is 4.84 min. Note: this value was the sum of partial F0, where partial F0 was the trapezoid area of the 

TDT curve per minute  [3]. 

 

 

Fig. 2. Graph of thermal death time (TDT) process sample A  

3.1.2 Sample B 

In sterilization of sample B, the maximum temperature measured at the retort temperature was 114.5 °C and the product 

temperature was 113 °C. This sterilization process resulted in the temperature of the sterilization process not reaching 

the target temperature. Graph of temperature and time rise in the sterilization process can be seen in Figure 3. 
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Fig. 3. Graph of the sample sterilization process B 

Figure 3 shows that the maximum temperature for sterilization of sample B is 114.5 °C. The need for sterilization 

time can be seen in Figure 4, which was 4.75 min.  

 

Fig. 4. Graph of thermal death time (TDT) process sample B 

3.1.3 Sample C 

In the sterilization of sample C, the maximum temperature measured at retort temperature was 115.4 °C and the product 

temperature was 114 °C. This sterilization process results in the temperature of the sterilization process not reaching the 

target temperature. The graph of temperature and time increase in the sterilization process can be seen in Figure 5. 
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Fig. 5. Graph of sample sterilization process C 

Figure 6 shows that the maximum temperature for sterilization of Sample C was 115.4 °C. The need for sterilization 

time can be seen in Figure 6., ie 5.31 min. 

 

Fig. 6. Graph of thermal death time (TDT) process Sample C 

3.1.4 Sample D 

In sample D sterilization, the maximum temperature measured at retort temperature was 124 °C and the product 

temperature is 118 °C. This sterilization process resulted in the temperature of the sterilization process reaching the 

target temperature. Graph of temperature and time rise in the sterilization process can be seen in Figure 7.  
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Fig. 7. Graph of sample sterilization process D 

Figure 8 shows that the maximum temperature for sterilization of sample D is 124 °C. The need for sterilization time 

can be seen in Figure 8, which is 13.38 min. 

 

Fig. 8. Graph of thermal death time (TDT) process sample B 

The results of measurements of sterilization time in samples A, B, C, and D show different time requirements. This 

can be linked to the type of material processed, packaging material, and its sterilization process. Using a risk-based 

approach, when the total outcome of controlling initial levels (H0), reducing levels (SR), and preventing an increase in 

levels (SI) is less than or equal to the target a food safety objective (FSO), the product is considered safe [11]. 

The graph of temperature rise during the sterilization process experiences a difference between the product 

temperature and the retort temperature it is influenced by the heat penetration process in the material. When heating or 

cooling the product, the increase or decrease in product temperature occurs more slowly than the increase or decrease in 

retort temperature. According to  [12], differences in temperature rise in products and retort temperatures are influenced 

by the nature of heat propagation or products that are in the packaging. To overcome the limitations of non-thermal and 

thermal methods of food preservation, the HPTS process has been designed by combining pressure and temperature 

with the application of lower intensity, but with equivalent or even higher degrees of stability and safety [13]. 

Heating in the sterilization process is carried out at temperatures above 100 °C in enough time to kill bacterial 

spores. Commercially sterile foods usually have a high shelf life and durability, lasting several months to several years. 

This sterilization value determines the degree of destruction of microorganisms in food and relative to the concentration 

of microorganisms, the value of sterilization here is given by the Fo equation [14]. 

Determination of the time of the sterilization process (Fo) in samples A, B, C, and D have been fulfilled to destroy 

the target bacterium, C. botulinum by using the 12D concept of 2.52 min [3]. The sterilization process in each sample 

exceeds 2.52 min, which indicates that the process of killing spoilage bacteria is appropriate. According to [14] that the 

D value for C. botulinum is estimated at 0.21 min at 121.1 °C with a z value of 10 °C, meaning that the 12D application 

is equivalent to a heating time of 12 × 0.21 min = 2.52 min at a temperature of 121.1 °C which is known as the 

minimum lethality (Fo) process. The adequacy of the thermal process to kill target microbes to the desired level is 

expressed by the value of Fo [15]. No matter what type of retort system is used in a canning facility, the retort operating 
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procedures must ensure that uniform processing temperature is achieved and maintained throughout the location of 

containers during the process [4]. 

3.2 Organoleptic testing 

Organoleptic testing was carried out by 30 panelists, according to ATM (American Standards Testing Materials) quoted 

by Negara [16], conducting organoleptic retting tests requires a minimum of 20 untrained panelists or eight trained 

panelists. Therefore, to minimize errors (biases) in testing, panelists whose numbers exceed the standards are used. The 

measurement results can be seen in Table 1. 

Table 1. Organoleptic test results of skipjack fish in retort plastic pouch packaging 

Observation 
Results of the Sensory Sample 

The score of SNI 2346: 2006 
A B C D 

1 8.6 8 8 7.8 

7 

2 8 8 7.9 7.7 

3 8 8 7.9 7.7 

4 8 8 7 8 

5 8.5 8 8 7.7 

6 8 8 8 7.8 

Average 8.2 8 7.8 7.8 

 

The results of sensory testing carried out showed that sample A had the highest rating score and sample D had the 

lowest rating score. This shows that sample A is the most popular, namely tuna fish products without the addition of 

potatoes is the most popular. This is influenced by the appearance, smell, taste, and consistency of the medium or 

Balado seasoning. The packing system proposed in this work constitutes a novel and promising strategy to enhance the 

quality of commercially canned fish products [17]. As well as the results of the assessment of the appearance, smell, 

taste, and texture of skipjack meat. One of the favorite tests of food products can be done by testing the aroma of a food 

can be assessed by the sense of smell or smell. The aroma of food determines a lot of the delicacy of the food and smell 

can recognize the taste of food [15]. The color of the surface of tuna fish in a retort plastic pouch is predominantly 

reddish in color produced from Balado seasonings. Determination of the quality of foodstuffs generally depends on the 

colors they have, colors that do not deviate from the colors that should give a distinct impression to panelists [16]. 

3.3 TPC testing 

The issue of the quality and food safety of fishery products is a matter that must be considered and fisheries product 

production activities. That is because the deterioration of fish quality cannot be denied because fish is a high-perishable 

product (perishable) so it requires special handling [18]. One of them is to identify the quality of fishery products by 

conducting microbiological testing. Testing of Total Plate Count (TPC) or the number of microorganisms can be used 

as a parameter (benchmark) of quality in fishery products. The microbiological examination is a prerequisite for the 

correct diagnosis of canned products after sterilization [19]. TPC measurements are carried out by storing products 

without packaging with a different shelf life. TPC test results can be seen in Table 2. 

Table 2. TPC test results for balado skipjack tuna products 

Test Results 
Duration of storage (h) (colonies g–1) 

0 3 6 9 

TPC 4 × 100 2 × 102 2 × 102 3 × 103 

 

TPC test results showed an increase in TPC results at different times, this could be due to the sample storage 

containers paying less attention to sanitation and hygiene so that microbial contamination and breeding occurred. The 

effect on the microbial population causes denaturation of proteins, which destroys enzyme activity and enzyme-

controlled metabolism in microorganisms [20]. The quality of a product is influenced by the sanitation hygiene 

conditions of the processing, and procurement of materials, to the final product [21]. 

From the measurement results of skipjack tuna, it still meets the quality requirements of SNI 2332: 2015 concerning 

the Testing of TPC on Fishery Products with a maximum limit of 5 × 105. The results of observations with the longest 

storage of products are up to 9 h after the packaging is opened with the results of 3 × 103 colonies g–1 so that they still 

meet SNI requirements. Technical methods may be resorted to keeping the product, free of pathogenic and spoilage 

micro-organism and their toxins, free of chemical compounds causing problems, nutritional quality is retained and 

extending the shelf-life of fish and fishery products [22].  
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4 Conclusion 

The need for sterilization processes in skipjack tuna products in retort plastic pouch packaging has a different time 

requirement (F0). This is influenced by the characteristics of the ingredients present in the product. Pressure treatment 

in the sterilization process is very influential on heat propagation, the lower the pressure used, the time needed to reach 

the target temperature will be longer and vice versa. Organoleptic test results in sample A (100 % skipjack tuna) have 

the highest value and D (50 % skipjack tuna with 50 % addition of potatoes) get the lowest value. TPC test results 

without packaging with a different shelf life (maximum 9 h) still meet the requirements. 
 

 

Thanks to the head of the Research Division for Natural Product Technology Yogyakarta and Chemistry Laboratory Fisheries, the 

University of Jakarta for allowing the use of facilities for research. The authors say thanks also go to hajj and umrah respondents, 

who had been willing to participate in organoleptic tests. 
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