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ARTICLE INFO ABSTRACT
Keywords: Canned food market demand has arisen due to the higher need for instant and ready-to-eat food.
Fuzzy logic Food preservatives are often added to canned and processed foods to prolong their shelf life and

Artificial intelligence
Food safety

Food

Food preservatives

help to sustain the quality, taste, color, and food texture. However, excessive usage of such food
preservatives can lead to various diseases and health issues including palpitations, allergies, and
cancer. Therefore, food preservative detection in food samples is essential for safe consumption
and health well-being. This paper proposed a fuzzy logic framework to determine the safety of
food products based on the concentration of sulphur dioxide (SD), benzoic acid (BA), and sorbic
acid (SA) in five different food categories as referred to the Food Acts 1983 and Food Regulations
1985 in Malaysia. The fuzzy logic framework comprises of Mamdani inference system design with
90 fuzzy rules, 15 and 5 membership functions for both the input and output parameters
respectively. 50 random values and 10 lab analysis results based on the industrial samples were
used to validate the developed algorithms in ensuring the safety of the food products. The
membership functions generated for the three inputs (SD, BA, and SA) during the fuzzification
steps are based on the maximum allowable limit from the food acts. The defuzzification of fuzzy
logic gave an average output value of 0.1565, 0.1350, 0.1150, 0.1100, and 0.1550 for chicken
curry with potatoes, satay sauce, sardine in tomato sauce, anchovies paste, and sardine spread
accordingly. Results obtained from the fuzzy logic framework concluded that all the industrial
samples are safe to be eaten and comply with the Sixth Schedule, Regulation 20 in both Acts.

1. Introduction

Preservatives are added into foods to slow down microbes’ activity associated with rotten food thus reducing food waste [1]. It can
be classified into two classes namely Class I and Class II preservatives [2]. Salt, sugar, vinegar, edible oils, honey, and spices are
categorized in Class I and are commonly known as natural preservatives [3]. Meanwhile, sorbates, benzoates, nitrites, nitrates,
glycerides, glutamates, and sulfites belong to Class II which is also known as chemical or synthetic preservatives [4]. Bruna et al.
(2018) have stated that the usage of preservatives in food products is rising in accordance with the increasing demand for safe,
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long-lasting, and chemically stable foods [5]. Furthermore, the capability of preservatives in enhancing food qualities, maintaining,
and improving food value has also encouraged such wide usage in the food industries [6].

Natrium chloride is the most popular preservative being utilized in foods such as meat products [7], cheese [8], and fish products
[9]. On the other hand, sorbic acid, acid propanoic, acetic acid, and benzoic acid are usually added to low pH (pH1-7) foods such as
tomato products, salad dressings, and carbonated drinks [10]. Apart from that, nitrates and nitrites are often incorporated in fresh
meats such as sausages, bacons, salamis, and hams to inhibit Clostridium botulinum bacteria that may cause flaccid paralysis [11].
Moreover, nitrites are also being added to suppress microbial growth, development of cured color and flavor, and prevent oxidation in
meat products [12]. Sulphur dioxide is a type of preservative often used in dried fruits and vegetables to avoid rotting and maintaining
their appearance. Nisin and natamycin are another type of preservatives that are mixed inside the food to suppress fungal growth [13].

Despite various benefits obtained from adding food preservatives, excessive usage of those preservatives is known to be detrimental
to human health [14]. Studies have shown that excessive amounts of food preservatives can cause headaches, allergies, palpitations,
cancer, heart disease, thyroid and organ damage [15,16]. Excessive amounts of sulfites in fruits can result in palpitations, allergies,
cancer, and headaches while excessive amounts of sorbates or sorbic acid can cause urticaria and contact dermatitis [17]. Based on a
study conducted, it was found that an excessive amount of benzoic acid is known to affect the human liver and kidney [18].In addition,
an exorbitant quantity of nitrates and nitrites in processed meats can lead to diabetes and colon cancer [19]. Methemoglobinemia or
known as the blue baby syndrome is connected to the consumption of high-concentration nitrites in food [20]. High concentrations of
nitrites can cause miscarriage, newborn baby defect, carcinogenic nitrosamine, and intrauterine growth retardation [21] as excessive
intake of sorbic and benzoic acid may cause carcinogenic and mutagenic effects that are harmful to our health [22]. Hence, it is
essential to monitor the total concentration of preservatives added to foods and ensure it is within the allowable standard limit for safe
consumption and health well-being. There are several methods available to detect the food preservatives content in foods such as
utilizing nano-sensors, chromatography, capillary electrophoresis, spectrophotometry, spectrofluorometric, chemiluminescence, and
electrochemical chemiluminescence [23]. However, those laboratory methods consist of several procedures, are expensive, and may
require expert personnel to determine the preservatives’ content, especially for a large number of samples.

Previous study has utilized fuzzy logic for the determination of food preservatives in processed food samples whereas this study will
focus on the food safety determination based on the concentration of preservatives for five different categories referring to the Food
Regulations 1985 and Food Acts 1983. Fuzzy logic (FL) is a type of Artificial Intelligence (AI) where vague and inaccurate data can be
analyzed and important decisions can be made [24]. The selection of fuzzy logic is due to its flexibility, consistency, accuracy, and
compatibility [32]. Nevertheless, FL has been successfully used in food industries for various purposes such as classifications, quality
control, food safety, and food sorting [25]. The utilization of FL has been seen in ranking the sensory attributes of aromatic foods,
acting as a controller system in autoclave operations [26] and bread making [27]. Apart from that, FL has also been used for the
prediction of the drying kinetics onions during fluidized bed drying and for the estimation of caffeine release from hydrogel colloi-
dosome [28]. FL has also been used for the identification of the halal alcohol limit in foods [29]. Other approaches of Al such as deep
learning and explainable AI were also used in the food industry in detecting customer sentiments from their reviews in the food de-
livery service domain [30]. Artificial neural networks were also used in determining the 2,2-diphenyl-1-picrylhydrazyl free radical
scavenging activity in foods [31].

As discussed earlier, the usage of Al in the food industries has been growing and expanding over the last few years and is expected to
keep on increasing in the future. This study will focus on the usage of FL in determining food safety based on the concentration of
sulphur dioxide (SD), benzoic acid (BA), and sorbic acid (SA). FL has been chosen due to its capability to handle uncertain inputs, high
accuracy, simplicity, and easy rule modification upon changes required compared to other existing AI methods such as artificial neural
networks, adaptive neuro-fuzzy inference systems, and deep learning [32]. There are few areas in the food industries that have been
utilizing the FL technique for safety evaluation. Among them is the usage of the FL model for inherent evaluations of production
processes in food industries based on their hazard level [33]. Apart from that, FL has also been used to determine the acceptable
concentration of betel leaf essential oil in raw apple juice and its efficacy on the storability of the juice. The FL provided an insight into
variation in consumer acceptability with respect to flavor, color, taste, and mouthfeel of raw apple juice under the influence of the
essential oil of betel leaf [34]. Besides, FL has been said to be effective in making decisions about the quality and safety of food products
[35]. There is also a study showing that the FL is able to assess the quality of fish based on biogenic amine contents at different
temperatures and storage times [36]. Previous study has also utilized the FL in determining the sensory characteristics of
ultrasound-treated fresh-cut kiwifruits coated with chitosan at different concentrations and compared with an uncoated fresh-cut
kiwifruit [37]. A study has shown that the FL algorithm and fuzzy toolbox are able to produce sensory data in quantitative mode
and optimize the mixture of fruit beverages [38]. While there are various studies on the usage of FL in food for different purposes, there
is no study conducted on the determination of food safety based on the concentration of SD, BA, and SA in food products.

In this work, the Malaysian Food Act 1983 and Food Regulation 1985 were used as the main guidelines in developing the fuzzy logic
framework. This is to ensure the results obtained comply with the act and regulation. Furthermore, it is also being utilized in building
up the membership functions in the FL framework. According to the Malaysian Food Act 1983 and Food Regulation 1985, the
maximum allowable limits of the SD, BA, and SA varies for different types of food products. Here, the maximum concentrations of the
said preservatives for five different categories of food products were determined based on the food act mentioned above. Under the
Sixth Schedule, Regulation 20 stated in the Food Regulations 1985, the maximum concentration of BA allowed is 350 mg/kg while, SA,
and SD are prohibited inside the curry paste food products. For the fish paste, shrimp paste, fermented shrimp or krill, prawn paste,
fermented fish products, and sauce that are not specified in the schedule, the maximum concentration of BA allowed is 750 mg/kg
while SD and SA are prohibited as well. Moreover, the Sixth Schedule in the Food Regulations 1985 mentioned that the food products
which consist of soy sauce, hydrolyzed vegetable protein sauce, hydrolyzed plant protein sauce, blended hydrolyzed vegetable protein
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sauce, blended hydrolyzed plant protein sauce, oyster sauce, and fish sauce are allowed to have maximum concentration of 400 mg/kg
SD, 1000 mg/kg BA and 0 mg/kg SA in them. Next, for the tomato pulp, paste, and puree products, only SD is allowed with a maximum
concentration of 100 mg/kg while both BA and SA are prohibited in them. The data mentioned above is crucial and plays an important
parameter in building the fuzzy logic model.

Therefore, this work proposed a fuzzy logic framework to predict the safety of the food products based on the concentration of
preservatives which are measured in mg/kg focusing on benzoic acid (BA), sorbic acid (SA), and sulphur dioxide (SD). This study will
be utilizing FL to determine the food safety for five categories in line with the Malaysian Food Act 1983 and Food Regulation 1985. The
algorithms developed were analyzed using random values and real industrial data. The developed algorithm is important and
formulated in such a way that it can benefit many people, researchers, and industrial players by reducing the time taken for analysis of
the health-related safety of the products as the determination can be made instantly. In addition, this framework will serve as the basis
for developing an integrated sensor for real-time food safety monitoring in the upcoming work.

This is the introduction section followed by the methodology of the research study in section 2. Next, results and discussion are
described in section 3 while the final section concludes the overall findings of the research.

2. Fuzzy logic development

The development of the fuzzy logic framework to determine food safety based on the concentration of benzoic acid (BA), sorbic acid
(SA) and sulphur dioxide (SD) comprises of few phases which are a collection of important data, development of the fuzzy logic
framework and the framework testing by using the available data. Fig. 1 illustrates the overall flowchart for this research.

2.1. Data collection

The canned food samples selection was focused on certain products produced by a collaborated company. Among the samples
collected were chicken curry with potatoes, satay sauce, sardine in tomato sauce, anchovies paste, and sardine spread. Ten real samples
where replicates of two for each type of canned food products were collected and sent to the laboratory to determine the concentration
of preservatives for benzoic acid (BA), sulphur dioxide (SD), and sorbic acid (SA). The laboratory utilized high-performance liquid
chromatography (HPLC) for the determination of BA and SA while SD was determined by using the chemical analysis of food. The total
concentrations of preservatives for benzoic acid (BA), sulphur dioxide (SD), and sorbic acid (SA) obtained from the laboratory analysis
were then further used in this study.

Samples are divided into 5 categories namely, category one which comprises curry paste, category two which comprises fish paste,
shrimp paste, fermented shrimp or krill, fermented fish products, and prawn paste, category three comprises of soy sauce, hydrolyzed
vegetable protein sauce, hydrolyzed plant protein sauce, blended hydrolyzed vegetable protein sauce, blended hydrolyzed plant
protein sauce, oyster sauce, and fish sauce, category four comprises of sauce not otherwise specified in the schedule and category five
comprises of tomato paste, pulp and puree which are according to the Food Act. This data will also be used to validate the effectiveness
of the developed fuzzy logic algorithm and hence determine the safety of the food samples. Next, the total maximum limit allowed to be
added into food for BA, SA, and SD was referred to the Food Act 1983 reprinted version [39] and Food Regulations 1985 under the 6th
schedule, Regulation 20 for those five food categories mentioned earlier. The maximum concentration of those preservatives is shown
in Table 1.

Step 2:
Fuzzy Logic
Development

Step 3:
Fuzzy Logic
Model Testing

Step 4:
Does the output comply
with the food act? If no,
go to step 2 for checking.
If yes. proceed to next

Fig. 1. Overall research methodology flowchart.
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2.2. Fuzzy logic framework

Five fuzzy logic (FL) frameworks were developed to cater for all the five different categories (refer to Table 1). The architecture of
the FL framework consists of four parts which are fuzzification, interference engine, and rule base and defuzzification [40,41]. Crisp
inputs are converted into fuzzy sets during the fuzzification process [42]. The Rule base comprises a set of rules and IF-THEN con-
ditions that will govern the decision-making system [43]. The inference engine will determine the matching degree of the fuzzy inputs
based on each rule. The last part in the development of the FL framework is the defuzzification process whereby it will convert the
fuzzy sets received from the inference engine into a crisp value [44]. The development of the FL system for all the five frameworks is
illustrated in Fig. 2.

2.2.1. Fuzzy logic framework

A total of only five categories were used in the membership function as it will be the basis framework for the industrial samples that
will be tested. The effectiveness of the developed framework will be observed and analyzed before expanding the framework where all
the categories listed in the Sixth Schedule, Regulation 20 can be included. This step-by-step method can help ensure that the system is
robust and reliable before it is scaled up to include all the categories listed in the Sixth Schedule, Regulation 20. These five categories of
FL frameworks have been developed using MATLAB 2021b, which is able to detect the concentration of preservatives and decide the
safety of the food for consumption.

All the frameworks utilized the Mamdani system as the interference system since the rule base can be interpreted more easily in this
approach. Not only that, this system has a wide acceptable range and is more suitable for human data [14]. While there are various
other inference systems such as Takagi-Sugeno-Kang, Type-2 Mamdani, Interval Type-2, Fuzzy Petri Nets, and others, the selection of
the Mamdani fuzzy inference system was done because it is more interpretable compared to other systems which allow easy under-
standing and modification of the rules whenever needed. The rule-based outputs produced from the Mamdani inference system make it
easy to understand easily compared to other fuzzy logic systems. Apart from that, the Mamdani system is more robust to noise
compared to other fuzzy logic systems [45]. Previous studies have also shown that Mamdani FIS is the better choice for classification
purposes which fits the purpose of this study which is to identify the safety of the food products [45].

The membership functions used in the FL framework were triangular and trapezoidal due to its simplicity and low computational
complexity [46,47]. The selection of the triangular membership function as the input membership function was done as it can
represent three distinct levels which are low, medium, and high where the known parameters’ range can be tailored accordingly. Apart
from that, this membership function allows easy modification for the range of the parameters if there are any changes in the food acts
and regulations in the future. Based on the testing conducted with the values shown in Table 6, the triangular and trapezoidal
membership functions utilized for this study can provide the results accurately. The efficiency of the triangular function allows it to be
used in real-time and large-scale applications in the future. Overall, the simplicity, flexibility, interpretability, and accuracy of the said
membership function make it suitable to be used for this study. A total of 90 rules were developed for the FL framework.

Several studies show that defuzzification by using the centroid method is able to give better output results [48,49]. Therefore, the
centroid method was chosen for the defuzzification process for all five FL frameworks. The centroid method calculates the center of
gravity of the fuzzy set which will provide a single, crisp output. The formula for the defuzzification process by using the centroid
method is shown in Equation (2.1) below:

c— / (x + HA))X))x * pA dx / / JA() dx Eqn. 2.1

where C is the defuzzied output value,

| denotes the integral,

x represents the values in the universe of discourse X,

pA(x) is the membership function of the fuzzy set.

The calculation for the centroid is done by first multiplying x by pA(x) which is the product of the variable and its membership value
for each point in the universe of discourse. Then, the product is integrated over the entire range of X to find the numerator of the

Table 1
Maximum concentration of preservatives allowed to be added in food.
Foods Maximum concentration of preservatives
Category allowed (mg/kg)
Sulphur Benzoic Sorbic
dioxide acid acid
One Curry Paste Nil 350 Nil
Two Fish paste, shrimp paste, fermented shrimp or krill, prawn paste and fermented fish products Nil 750 Nil
Three Soy sauce, hydrolyzed vegetable protein sauce, hydrolyzed plant protein sauce, blended hydrolyzed 400 1000 Nil
vegetable protein sauce, blended hydrolyzed plant protein sauce, oyster sauce and fish sauce
Four Sauce not otherwise specified in the schedule 300 750 Nil
Five Tomato - pulp, paste and puree 100 Nil Nil

Nil: Substance is prohibited in the food.
Source: Food Act 1983
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Fig. 2. Fuzzy logic system development.

formula. Next, pA(x) is integrated over the same range to find the denominator value of the formula. Finally, the numerator value is
divided by the denominator value to obtain the centroid value. This centroid method provides a balanced and representative output
value reflecting the overall shape and distribution of the aggregated fuzzy set. Fig. 3 shows the fuzzy inference system plot for the five
categories of fuzzy logic where the inputs, membership functions, fuzzy inference system, and output can be viewed.

2.2.2. Input and output membership function development

In the fuzzification step, membership functions are generated for three inputs namely SD, BA, and SA which are based on the
maximum allowable limit from the food acts. Membership functions utilized are triangular for input and trapezoidal for output and the
criteria considered are low, medium, high, present, and absent. Low represents a small quantity of preservative content whereas
medium means that the concentration of preservatives is within the allowable limit and high shows that the preservatives have
exceeded the maximum allowable limit according to the act. The linguistic variable labeled as present explains that the sample
contains those specific preservatives. It is utilized for certain categories that do not permit any amount of that specific preservative and
if there is any reading, it explains that the preservative is present inside the products. The parameters for the membership function
were calculated by using the average value method. Table 2 shows the parameter for the input membership function for all five
categories.

There are two linguistic variables established for the output which are safe and unsafe. The parameter values set for the mem-
bership function are by using the average mean method based on the maximum allowable limit in the food act [39]. The type of
membership function chosen was trapezoid due to its simplicity and accuracy in producing the output results [14]. When the FL
framework shows that the output value belongs within the safe region, then it can be said that the total BA, SD, and SA inside the
product sample are within the allowable limit and vice versa if the output value falls in the unsafe region. The parameters set for the
output are shown in Table 3.

N
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Fig. 3. Fuzzy inference system plot.



N.R. Mavani et al. Heliyon 10 (2024) e26273

Table 2
Parameters for input membership function.
Variables/Input Membership Function (mg/kg)
Category Low Medium High Present
BA —10,60,120 117,240,360 350,480,600 -
One SD - - - 0,50,100
SA - - - 0,50,100
BA —10,130,260 250,500,760 750,1000,1250 -
Two SD - - - 0,50,100
SA - - - 0,50,100
BA —10,250,510 500,750,1010 1000,12500,1500 -
Three SD —10,100,210 200,300,410 400,500,600 -
SA —10,250,510 500,750,1010 1000,1250,1500 -
BA —10,130,260 250,500,760 750,1000,1250 -
Four SD —10,55,110 100,205,310 300,400,500 -
SA —10,130,260 250,500,760 750,1000,1250 -
BA - - - 0,50,100
Five SD —-10,35,70 60,90,120 100,150,200 -
SA - - - 0,50,100

2.2.3. Inference system

Mamdani inference system was chosen as it can provide crisp value through defuzzification consequent rules. This system also has
the expressive ability and interpretable consequent rules. FL rule utilizes the IF ... THEN rules for all the FL frameworks. Twelve rules
were developed for the first, second, and fifth category whereas the third and fourth category framework comprises twenty-seven rules
each. “Safe” describes that the sample is within the maximum allowable limit and “Unsafe” is beyond the maximum allowable limits.
All the rules developed are in line with the food act and food regulations set by the government. The (—) defines that it was not applied
in that food category. The fuzzy rules are tabulated in Table 4.

3. Results and discussion
3.1. Samples analysis

Ten canned food products including chicken curry with potatoes, satay sauce, sardine spread, sardine in tomato sauce, and an-
chovies spread were sent to the laboratory to obtain the total concentration of SD, BA, and SA for later used as the basis of generating
the fuzzy rules. It is observed that the concentrations of preservatives in all the samples are within the allowable limit according to the
Malaysian Food Act 1983 and Food Regulations 1985. The maximum allowable limit and type of preservatives used to measure the
food safety in the samples aided in generating the FL framework. Not only that, the concentrations of preservatives found in the
samples were also used to test the developed FL framework and verify its effectiveness. The standard deviation of the preservative’s
concentration was calculated for each type of the samples. For samples whose preservative concentration was not detectable as it was
below the detection limit, the standard deviation was not calculated as there were no values obtained from the laboratory. Hence, it is
presented as (—) in the table which indicates that the calculation for those preservatives was not conducted. The concentration of SD,
BA, and SA obtained from the laboratory analysis along with its standard deviation can be viewed in Table 5.

3.2. Effectiveness of the developed fuzzy logic framework

3.2.1. Food safety determination by using the developed fuzzy logic framework

The developed FL framework was first tested by using random values of SD, BA, and SA to check its effectiveness in determining
food safety as per the food act. A total of 50 random values with 10 values were inserted inside each FL framework to verify the
developed FL. The values chosen were such that it can show the users that when the concentration of preservatives has exceeded the
maximum allowable limit, the output will give a value that falls within the unsafe region and vice versa. An extra column has been
inserted to explain the output result whether it falls in the safe or unsafe region. For the first category fuzzy logic framework, any values

Table 3
Parameters for output.

Output Value

Category Safe Unsafe

One —0.9000, —0.1000, 0.0626, 0.2492 0.2492, 0.6257, 1.100, 1.900
Two —0.9000, —0.1000, 0.0406, 0.3143 0.3143, 0.6452, 1.100, 1.900
Three —0.9000, —0.1000, 0.1100, 0.3390 0.3390, 0.5505, 1.100, 1.900
Four —0.9000, —0.1000, 0.1724, 0.2759 0.2759, 0.5517, 1.100, 1.900
Five —0.9000, —0.1000, 0.1053, 0.2368 0.2368, 0.6579, 1.100, 1.900




N.R. Mavani et al.

Heliyon 10 (2024) e26273

Table 4
Fuzzy rules.
IF THEN
Category No SD BA SA Safe/Unsafe

1 Present Low Present Unsafe
2 Present Medium Present Unsafe
3 Present High Present Unsafe
4 Present Low - Unsafe

One 5 Present Medium - Unsafe
6 Present High - Unsafe
7 Not Present Low Present Unsafe
8 Not Present Medium Present Unsafe
9 Not Present High Present Unsafe
10 Not Present Low - Safe
11 Not Present Medium - Safe
12 Not Present High - Unsafe
1 Present Low Present Unsafe
2 Present Medium Present Unsafe
3 Present High Present Unsafe
4 Present Low - Unsafe

Two 5 Present Medium - Unsafe
6 Present High - Unsafe
7 - Low Present Unsafe
8 - Medium Present Unsafe
9 - High Present Unsafe
10 - Low - Safe
11 - Medium - Safe
12 - High - Unsafe
1 Low Low Low Safe
2 Low Low Medium Safe
3 Low Low High Unsafe
4 Low Medium Low Safe
5 Low Medium Medium Safe
6 Low Medium High Unsafe

Three 7 Low High Low Unsafe
8 Low High Medium Unsafe
9 Low High High Unsafe
10 Medium Low Low Safe
11 Medium Medium Low Safe
12 Medium High Low Unsafe
13 Medium Medium Medium Safe
14 Medium Medium High Unsafe
15 Medium Low Medium Safe
16 Medium Low High Unsafe
17 Medium High Medium Unsafe
18 Medium High High Unsafe
19 High Low Low Unsafe
20 High Medium Low Unsafe
21 High High Medium Unsafe
22 High High High Unsafe
23 High High Low Unsafe
24 High Medium Medium Unsafe
25 High Medium High Unsafe
26 High Low High Unsafe
27 High Low Medium Unsafe
1 Low Low Low Safe
2 Low Low Medium Safe
3 Low Low High Unsafe
4 Low Medium Low Safe
5 Low Medium Medium Safe
6 Low Medium High Unsafe
7 Low High Low Unsafe
8 Low High Medium Unsafe

Four 9 Low High High Unsafe
10 Medium Low Low Safe
11 Medium Medium Low Safe
12 Medium High Low Unsafe
13 Medium Medium Medium Safe
14 Medium Medium High Unsafe
15 Medium Low Medium Safe
16 Medium Low High Unsafe

(continued on next page)
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Table 4 (continued)

IF THEN
Category No SD BA SA Safe/Unsafe
17 Medium High Medium Unsafe
18 Medium High High Unsafe
19 High Low Low Unsafe
20 High Medium Low Unsafe
21 High High Medium Unsafe
22 High High High Unsafe
23 High High Low Unsafe
24 High Medium Medium Unsafe
25 High Medium High Unsafe
26 High Low High Unsafe
27 High Low Medium Unsafe
1 Low Present Present Unsafe
2 Medium Present Present Unsafe
3 High Present Present Unsafe
4 Low Present - Unsafe
Five 5 Medium Present - Unsafe
6 High Present - Unsafe
7 Low - Present Unsafe
8 Medium - Present Unsafe
9 High - Present Unsafe
10 Low - - Safe
11 Medium - - Safe
12 High - - Unsafe
Table 5
Preservatives concentration found in the industrial sample.
Food Sample (Tested twice for each sample) Concentration of preservatives (mg/kg) Standard Deviation
SD BA SA SD BA SA
Chicken curry with potatoes 1 1.2796 45.8841 ND 0 0.6488 -
Chicken curry with potatoes 2 1.2796 44.9665 ND
Satay sauce 1 1.2797 74.7303 ND 0 0.5165 -
Satay sauce 2 1.2797 75.0334 ND
Sardine in tomato sauce 1 ND ND ND - - -
Sardine in tomato sauce 2 ND ND ND
Anchovies spread 1 ND 101.3578 ND - 0.8684 -
Anchovies spread 2 ND 102.5859 ND
Sardine spread 1 ND ND ND - - -
Sardine spread 2 ND ND ND

ND = Not detectable (below the detection limit).

that fall below 0.2492, the products are safe while more than 0.2492 is considered unsafe. Meanwhile, for the second category,
products are considered safe if the output value is less than 0.3143 and unsafe if it is beyond this value. As for the third category of food
products, it is considered safe if it is below 0.3390 and unsafe if it is more than 0.3390. For the fourth category, the safe region values
are below 0.2759 and unsafe if it is beyond 0.2759. Lastly, the food products for the fifth category are considered safe if the output
values obtained from the fuzzy logic are below 0.2368 and unsafe if the output values are more than 0.2368. The results obtained from
the testing verified the developed framework. Whenever the values added inside the FL framework are beyond the maximum allowable
limit, the output results will fall in the unsafe region and vice versa. The FL framework testing and the validation for each category by
using those random values are shown in Table 6. The surface graph in the fuzzy logic toolbox is shown in Fig. 4 to visualize the output
surface of the fuzzy system created.

Based on the FL output, it is proven that the concentration of preservatives (SA, BA, and SD) for all the samples did comply with the
Food Act 1983 and Food Regulations 1985. The preservative values shown in Table 6 were inserted into the FL framework with respect
to its categories. The results obtained for the first sample of chicken curry with potatoes was 0.1560 which falls in the safe category
meanwhile the second sample showed a value of 0.1570 which also falls into the safe category. There was a slight concentration of SD
inside the sample, and it is known that SD is often added to canned food to prevent food spoilage. The labeling of the SD content in the
food products is only required if it exceeds 10 mg/kg and the concentration found in the samples is only 1.2797 mg/kg which is around
1% only. The concentration of BA was 45.8841 mg/kg for the first samples and 44.9665 mg/kg for the second samples which is lower
than the maximum allowable limit. Studies have shown that BA is added to canned chicken products due to its antimicrobial properties
[50]. The antimicrobial activity of BA is at its peak when the pH value is within the range of 2.5 and 4.5 and this encourages its usage as
a preservative in various food products including canned foods and meat products [51]. Besides, there is also a study that showed that
the BA can reduce Staphylococcus aureus microorganisms in chicken food products [52]. Excessive consumption of BA can lead to



N.R. Mavani et al. Heliyon 10 (2024) e26273

Table 6
FL framework validation by using random values.

Category SD (mg/kg) BA (mg/kg) SA (mg/kg) Output Results () Safe/Unsafe

First 0 350 0 0.1180 Safe
10 350 0 0.5060 Unsafe
30 350 0 0.5060 Unsafe
0 360 0 0.6344 Unsafe
0 200 0 0.0941 Safe
0 400 0 0.6620 Unsafe
0 350 30 0.5060 Unsafe
0 350 10 0.5060 Unsafe
0 360 50 0.6344 Unsafe
10 350 20 0.5060 Unsafe

Second 0 750 0 0.1521 Safe
25 750 0 0.5021 Unsafe
45 750 0 0.5021 Unsafe
0 800 0 0.6758 Unsafe
0 600 0 0.1176 Safe
0 200 0 0.1257 Safe
0 750 20 0.5021 Unsafe
0 750 40 0.5021 Unsafe
10 760 40 0.6628 Unsafe
20 800 10 0.6758 Unsafe

Third 400 1000 1000 0.1650 Safe
600 1000 1000 0.5000 Unsafe
200 1000 1000 0.1650 Safe
400 1250 1000 0.6744 Unsafe
400 500 1000 0.1650 Safe
400 100 1000 0.1650 Safe
400 1000 1500 0.5000 Unsafe
400 1000 750 0.1650 Safe
200 1000 1250 0.6744 Unsafe
700 900 800 0.5000 Unsafe

Fourth 300 750 750 0.1350 Safe
600 750 750 0.6431 Unsafe
100 750 750 0.1350 Safe
300 900 750 0.6431 Unsafe
300 500 750 0.1350 Safe
300 750 1000 0.6431 Unsafe
300 750 200 0.1350 Safe
100 800 200 0.6528 Unsafe
50 50 50 0.1257 Safe
500 800 900 0.5000 Unsafe

Fifth 100 0 0 0.0957 Safe
200 0 0 0.5000 Unsafe
20 0 0 0.0980 Safe
100 25 0 0.5069 Unsafe
100 30 0 0.5307 Unsafe
100 0 10 0.3816 Unsafe
100 0 30 0. 5307 Unsafe
250 20 10 0.4772 Unsafe
10 30 40 0.5213 Unsafe
70 0 45 0.5232 Unsafe

allergic reactions such as asthma and skin reactions and the concentration of BA found in the samples is below the maximum allowable
limit based on the food acts. Thus, it is said to be safe to consume.

Next, the satay sauce was tested by using the fourth category FL framework and the output shown was 0.1350 for both the samples
which also shows that the product is safe to consume. The results obtained proved to be accurate as the SA, SD, and BA contents inside
the sample are below the maximum allowable limit based on the food act. Based on past studies, the addition of BA preservatives inside
the sauce is due to the antimicrobial activities of yeast and fungus [53]. Another study has shown that the addition of the SD inside the
food can prevent the growth of yeast, fungus, and bacteria [54]. The next sample that was tested was sardine in tomato sauce and there
was no reading on the SD, BA, and SA preservatives in both samples and therefore it is said that the food product is safe to be eaten. To
support this outcome, a study conducted by Alam et al. [55] also did not detect any of those preservatives inside the tomato sauce. This
shows that SD, BA, and SA preservatives are rarely added inside the tomato sauce and only certain products contain these preservatives
in minimal amounts. The commonly used preservative inside tomato sauce is citric acid to retain its’ freshness [56].

The concentration of SD, BA, and SA in anchovy paste was added as an input into the second category FL framework. The output
result obtained from the framework was 0.1100 for both samples which placed them into the safe category. There were several past
studies that showed the presence of BA inside fish products which explains the addition of the preservatives inside the anchovy paste
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Fig. 4. Surface viewer of fuzzy logic based on their category.

[57-59]. In addition to that, another researcher has found the BA and SA preservatives inside canned fish products [60]. BA is added
inside fish products to prevent the growth of bacteria, yeast, and fungi due to its antimicrobial properties [57].

Finally, a test was conducted on the sardine spread sample and neither of the samples recorded any SD, BA, or SA value which
shows that the food product is safe to be consumed. Studies have shown the common preservation method for sardines is by using the
hardy pecan (Carya Illinoinensis) and roselle flower (Hibiscus Sabdariffa) which acts as an antioxidant and antimicrobial agent. This
preservation method can prolong the life expectancy of sardine food products [61]. Table 7 tabulated the input and output values for
all the food products that were tested using the FL framework and Fig. 5 shows that all the output values obtained from the FL
framework fall within the maximum allowable limit region.

The results obtained from the FL framework showed that all the samples have safe concentrations of SD, BA, and SA inside them and
therefore are considered safe to be consumed. The selection of these preservatives is crucial as they can harm human health if taken in
excess. Among the side effects of SD are asthma, rashes, high blood pressure, diarrhea, and stomachache [54,62]. Overconsumption of
BA can result in allergies and difficulty in breathing while SA can cause diarrhea, skin redness, headache, vomiting, and stomach
cramps. Therefore, studies on these preservatives inside the food are important and should be followed by the food act and regulations.

The development of the FL framework in this study enables users to determine the safety of food products more easily and
accurately. This framework also can act as a guideline to do the prediction of food products safely. Not only that, but the development
of these frameworks also enables industrial players and auditors to obtain the desired data in a quick manner. Another benefit of the FL
framework development is that the researchers can utilize the framework by inserting their experimental data inside the FL and the
safety of the food samples can be determined easily. Time and energy spent by the researchers can be reduced as the food safety
determination can be done instantly. Nevertheless, this system has some limitations as the detection is limited to the five categories
only. Therefore, improvements can be made in the future by developing the FL algorithms for the rest of the categories listed in the
Food Act 1983 and Food Regulation 1985. Besides, the algorithms can be integrated with external sensors such as e-tongue or e-nose
which are often used in the food industry for various reasons [25].

Table 7
Test results for the industrial food samples inside the fuzzy logic framework.
Input Output
Food Samples
SD (-) BA (-) SA (-) Results (—) Safe/Unsafe
Chicken curry with potatoes 1 1.2796 45.8841 0 0.1560 Safe
Chicken curry with potatoes 2 1.2796 44.9665 0 0.1570 Safe
Satay sauce 1 1.2797 74.7303 0 0.1350 Safe
Satay sauce 2 1.2797 75.0334 0 0.1350 Safe
Sardine in tomato sauce 1 0 0 0 0.1150 Safe
Sardine in tomato sauce 2 0 0 0 0.1150 Safe
Anchovies paste 1 0 101.3578 0 0.1100 Safe
Anchovies paste 2 0 102.5859 0 0.1100 Safe
Sardine spread 1 0 0 0 0.1550 Safe
Sardine spread 2 0 0 0 0.1550 Safe
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Fig. 5. Output values from FL framework and maximum allowable limit.

3.3. Comparison between the fuzzy logic output with manual calculation

The output value obtained from the FL framework was compared with the manual calculation to determine the differences between
the two methods. The manual calculation will utilize the average method whereby the total concentration of preservatives available in
the sample will be divided by the maximum allowable limit in the food. Equation (3.1) shows the average calculation method which
will be compared with the fuzzy output values and Equation (3.2) shows the differences between the two methods.

Total concentration of SD  Total concentration of BA ~ Total concentration of SA 31

Average =
& Maximum limit SD Maximum limit BA Maximum limit SA

Differences = |FL value — Manual Calculation| 3.2

A comparison between output values from the FL framework and manual calculation was done to view the differences between the
two methods. The results obtained show that there is a minimum difference between these two methods and hence prove the accuracy
of the fuzzy logic algorithm. Apart from that, the R squared (RZ), the mean square error (MSE), and mean absolute error (MAE) values
were calculated for each type of sample to show the goodness of the developed FL framework. Both MAE and MSE are statistical
measures that can quantify the accuracy of predictions made by the FL. The MAE is the average absolute difference between the
predicted and actual values and the formula is shown in Equation (3.3) below. On the other hand, MSE is the average of the squared
differences between the predicted and actual values and the formula is shown in Equation (3.4) below.

MAE:(Z\xi—yi\) . 1/11 3.3

where )" means summation notation, x; is the output value from FL for the ith observation, y; is the predicted value for the ith
observation and n is the sample size.

MSE = Z (average manual calculation — output values from FL )2 / n 3.4

Where n is the sample size and ) means summation notation.

Table 8 shows the values for the statistical analysis conducted for the predicted value and observed value based on the FL
framework. The results showed that the MSE and MAE for all the food samples are close to 0 which means the framework has high
accuracy. R squared was only able to be calculated for the chicken curry with potatoes sample as it has distinctive values based on FL
outputs that allowed the computation of the average value while the other samples have the same output values from FL which will
result in error when performing the calculations.

Fig. 6 shows the error distribution for the samples tested inside the fuzzy logic designer. The inputs for the food samples were
inserted according to their food categories meanwhile the outputs set were based on the expected outcomes, and finally the error
distribution was observed inside the designer.

3.4. Limitations and future work

This study has successfully shown that the developed fuzzy logic framework is able to categorize the safety of food products.
However, the study has only included five categories of food products based on the food act and regulations to study the effectiveness
and reliability of the developed framework before expanding it to other food categories. As the framework has been proven reliable,
the framework can be further expanded where all the food categories are included and further tested for its efficiency. Besides, other
inference systems such as Takagi-Sugeno Kang, Fuzzy Petri Nets, Interval Type-2, and others can be used and compared as this study
has only utilized the Mamdani inference system due to the advantages that it provides. In addition to that, more data on the SD, BA, and
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Table 8
Statistical analysis for the fuzzy logic values and manual calculation.
Food Samples Output Values from FL (—) Average Manual Calculation (—) Differences (—) R? MSE MAE
Chicken curry with potatoes 1 0.1560 0.1311 0.0249 1.0000 0.0007 0.0267
Chicken curry with potatoes 2 0.1570 0.1285 0.0285
Satay sauce 1 0.1350 0.1039 0.0311 - 0.0011 0.0331
Satay sauce 2 0.1350 0.1000 0.0350
Sardine in tomato sauce 1 0.1150 0.0000 0.1150 - 0.0132 0.1150
Sardine in tomato sauce 2 0.1150 0.0000 0.1150
Anchovies paste 1 0.1100 0.1351 0.0251 - 0.0007 0.0260
Anchovies paste 2 0.1100 0.1368 0.0268
Sardine spread 1 0.1550 0.0000 0.1150 - 0.0240 0.1550
Sardine spread 2 0.1550 0.0000 0.1150
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Fig. 6. Error distribution in fuzzy logic for the food samples.

SD concentration of the real samples can be utilized to conduct testing on the developed framework as this study has only used a few
samples inside the frameworks. Lastly, this framework can be further integrated with sensors or other detection systems that will allow
food safety detection to be done more rapidly and accurately.

4. Conclusion

In conclusion, a fuzzy logic framework has been successfully developed to determine the safety of five canned food product cat-
egories based on the concentration of sulphur dioxide, benzoic acid, and sorbic acid by using MATLAB 2021b software. All five
frameworks were developed using the Mamdani inference system with three inputs namely SD, BA, and SA while the output is the
results in terms of digit values. Several industrial canned food samples which comprise chicken curry with potatoes, satay sauce,
sardine spread, sardine in tomato sauce, and anchovies spread were sent to the laboratory to determine the inputs for the FL framework
and further used during the framework testing. The developed framework was tested successfully by using 50 random values which
complied with the Food Acts 1983 and Food Regulations 1985. The framework was also successfully utilized in determining the safety
of the real industrial canned food samples based on the concentration of the said preservatives. A comparison was made between the FL
output and manual calculation and minimal differences were obtained which shows that the developed FL is reliable and accurate.
Sensors such as e-nose and e-tongue may be integrated with the proposed fuzzy logic framework for real-time detection to ensure safe
ingredients are included in the food products prior to consumption.
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