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Abstract: The aim of this research is to reduce household organic waste through the use 
of organic waste as a natural detector of formaldehyde content in food snacks. The 
organic waste used in this study was red garlic skins, dragon fruit skins and purple sweet 
potato skins. This research is an experimental research. The stages of the research started 
with the extraction of anthocyanins from the three organic wastes, direct detection of 
formalin and detection of food ingredients. The formalin concentrations tested were 
0.5%, 1%, 2%, 5% and 25%. Detection ability can be seen from the color change between 
control and formalin treatment. Garlic skin produces a red extract, dragon fruit skin 
produces an orange extract, and purple sweet potato skin produces a deep red extract. 
Test results on 20 samples of food snacks around the campus using the three organic 
waste extracts proved that all samples contained formaldehyde in varying 
concentrations. The highest 50% formalin content was found in yellow noodles and 
meatballs. The conclusion is that purple beetle skin, dragonfruit skin, and red garlic skin 
can be used as natural detectors for formalin in campus snacks. 
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Introduction  
 

In this modern era, concerns regarding the quality 
and safety of food have been on the rise. One significant 
issue of major concern is the use of formalin as a food 
preservative, including in popular campus snacks 
among students (Kewitz & Welsch, 1966). Formalin, or 
formaldehyde, is a chemical compound widely used in 
the food industry to extend the shelf life of products and 
prevent the growth of harmful microorganisms 
(Robichaud et al., 2021). However, excessive use of 
formalin can have negative impacts on human health. 

Formalin is known to possess toxic effects that can 
cause serious health problems such as respiratory tract 
irritation, digestive system disorders, and potential 
long-term effects that could lead to cancer (Miah et al., 
2013). Hence, it is crucial to introduce effective and safe 
methods for detecting formalin in food (Elshaer & 
Mahmoud, 2017), especially in campus snacks that are 
consumed daily by many students. 

In recent years, research on the Aditya et al. (2021) 
has garnered attention from numerous researchers. 
Organic waste is often regarded as waste that needs to 
be discarded, while in reality, it contains compounds 
with reactive potential towards formalin. Several types 
of organic waste, such as leaves, fruit peels, and 
discarded vegetables, contain compounds that can react 
with formalin and produce observable color changes or 
chemical reactions (Maddaloni et al., 2020). 

However, the implementation of utilizing organic 
waste as a formalin detector in campus snacks still faces 
several challenges (Ismail et al., 2021). There is a gap 
between the ideal and reality in the utilization of organic 
waste as a natural formalin detector in campus snacks. 
Ideally, all snacks sold on the market should be free from 
formalin usage (Zhang et al., 2021), and the methods 
used for formalin detection should avoid the use of 
hazardous chemicals and be environmentally friendly. 
Moreover, the utilization of organic waste as a formalin 
detector in snacks could reduce production costs and 
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serve as a cheaper alternative compared to conventional 
formalin detection methods (Liu et al., 2021). 

However, in reality, many cases of formalin usage 
in campus snacks are still being uncovered, and 
commonly used formalin detection methods employ 
hazardous chemicals such as picric acid and sodium 
hydroxide (Haley et al., 2021). Additionally, the 
effectiveness and efficiency of utilizing organic waste as 
a formalin detector in campus snacks still need to be 
investigated. 

A study was conducted to examine the food safety 
of meat and fish products in Bandar Lampung. It was 
found that formalin is still widely used as a preservative 
in various processed meat and fish products (Salawati, 
2019). Furthermore, formalin analysis was conducted on 
meatball and fresh noodles in the districts of Sukarame, 
Wayhalim, and Sukabumi. The research results showed 
that out of 30 meatball samples, 10 contained formalin, 
while 2 out of the fresh noodle samples contained 
formalin. This indicates that approximately 33.3% of the 
analyzed meatball samples and 6.66% of the analyzed 
fresh noodle samples circulating in three districts of 
Bandar Lampung were found to contain formalin, 
making them unsafe for long-term consumption 
(Schiefer et al., 2016). However, all of these studies still 
employed chemical substances as formalin detectors in 
food, necessitating the search for more environmentally 
friendly and effective solutions for formalin detection 
(Hossain et al., 2019). Therefore, research on the 
utilization of organic waste as a natural formalin 
detector in campus snacks needs to be conducted to find 
more environmentally friendly and effective solutions 
for formalin detection in food. 

The utilization of organic waste as a natural 
detector for formalin in campus snacks is an intriguing 
concept with significant potential to enhance food safety 
within the campus environment (Mirzal et al., 2016). 
Organic waste, often regarded as waste material, 
actually contains compounds that can react with 
formalin and produce visible color changes or 
observable chemical reactions (Gumede et al., 2022).  

Several types of organic waste can be employed as 
formalin detectors, including leaves, fruit peels, and 
discarded vegetables (Chong et al., 2022). The 
compounds present in organic waste can interact with 
formalin and generate noticeable color changes or 
observable chemical reactions (Ismail et al., 2021). The 
utilization of organic waste as a natural formalin 
detector offers several advantages. Firstly, organic waste 
is easily obtainable and abundant in our surroundings. 
By harnessing organic waste as a detector, we can reduce 
the amount of organic waste being discarded, mitigating 
potential environmental damage (Bush et al., 1995).  

Secondly, formalin detection methods using 
organic waste tend to be more environmentally friendly 

compared to conventional methods that employ 
hazardous chemicals (Panzacchi et al., 2019). In the 
context of campus snacks, this method can help reduce 
the use of potentially harmful chemicals that may 
jeopardize human health (Yin et al., 2016). Thirdly, 
utilizing organic waste as a formalin detector in campus 
snacks can serve as a cost-effective and affordable 
alternative to conventional detection methods (Chen et 
al., 2020) . This can enhance the accessibility of formalin 
detection methods, allowing more parties to conduct 
testing and ensure the safety of consumed snacks. 

In conclusion, the utilization of organic waste as a 
natural formalin detector presents a fascinating concept 
with numerous advantages. It not only aids in reducing 
organic waste and its potential environmental impact 
but also offers a more environmentally friendly, cost-
effective, and accessible approach to formalin detection 
in campus snacks. In this context, this research aims to 
explore the utilization of organic waste as a natural 
formalin detector in campus snacks. By utilizing 
abundant organic waste as a detecting agent, we can 
reduce organic waste generation while simultaneously 
developing formalin detection methods that are more 
environmentally friendly and sustainable. 

Through this research, the development of a simple, 
rapid, and cost-effective formalin detection method 
using organic waste as a natural detector is anticipated 
(Elshaer & Mahmoud, 2017). This method can be 
employed as an effective tool for real-time formalin 
detection in campus snacks, thereby assisting in 
protecting consumers from potential health hazards that 
may arise. 

Additionally, this research can contribute to 
educating the public regarding the dangers of formalin 
and the importance of choosing safe and healthy food. 
Thus, this research is expected to make a significant 
contribution to enhancing awareness and food safety 
within the campus environment. In this article, the 
researchers will elucidate the methodology employed to 
test organic waste as a formalin detector in campus 
snacks, as well as discuss the results and potential 
implications of this research. The researchers firmly 
believe that this research will provide fresh insights and 
contribute to the development of innovative and 
sustainable formalin detection technology for food 
safety. 

 

Method 
 

This research method uses experimental research 
methods with research making extracts from shallot 
skin, purple sweet potato skin and dragon fruit skin to 
take anthocyanins and then test them directly on food 
samples suspected of containing formalin. This research 
was conducted on March 7-10, 2023, the place of research 
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implementation in the Biology laboratory room of the 
Faculty of Teacher Training and Education, Kuningan 
University.  

The population in this study is all campus snacks 
sold around the campus environment that may contain 
formaldehyde. The samples in this study are 20 types of 
campus snacks randomly selected from the population, 
which are suspected of containing formalin, all of these 
samples will be used in testing the utilization of organic 
waste as a natural detector of formalin. 

The tools used in this research are scales, 
oven/microwave, test tubes, test tube racks, beakers, 
drop pipettes, stirring rods, stamper mortars, Petri 
dishes, knives, blenders, spoons, and sieves. The 
materials used in this study were shallot skin, purple 
sweet potato skin, dragon fruit skin, distilled water, 
ethanol, formalin, potassium permanganate (KMnO4), 
aluminum foil, meatballs, yellow wet noodles, siomay, 
cilok, cilor, cimol, nuggets, and sukoi. 

The procedure in the study begins with the 
preparation of anthocyanin extracts from three types of 
organic waste, namely shallot skin, purple sweet potato 
skin and dragon fruit skin. First, prepare and wash 
shallots, purple sweet potatoes and dragon fruit cleanly, 
wait until dry. Then the skin is peeled and weighed to 
determine the weight. Then the shallot skin, purple 
sweet potato and dragon fruit are wrapped using 
aluminum foil, put in the oven, set the temperature at 
140o C with time for dragon fruit skin for 7 hours, purple 
sweet potato 4 hours, and dragon fruit skin for 30 
minutes. Next, the shallot skin, purple sweet potato and 
dragon fruit that have been dried are mashed using a 
blender. Filter using a filter cloth to get a fine extract of 
shallot skin, purple sweet potato and dragon fruit.  

Generally speaking, the research procedures 
carried out in this study it can be seen in Figure 1. 

 

 
Figure 1. Research procedure 

The fine extracts of shallot skin, purple sweet potato 
and dragon fruit were weighed and dissolved using 
ethanol with each ratio of 1: 11 for shallot skin and 
purple sweet potato skin, and 1: 5 for dragon fruit skin. 
Then the extract was filtered and put into a dark bottle 
for maceration process for 24 hours. Store the bottle in a 
place that is not exposed to direct sunlight/dark bottle 
then wait for 24 hours. After macerating for 24 hours, the 
extracts of shallot skin, purple sweet potato and dragon 
fruit can already be used to identify food ingredients 
that contain harmful substances such as formalin.  

Next is the preparation of negative control solution 
with the following steps; first prepare pure extracts from 
each ingredient of shallot skin, purple sweet potato and 
dragon fruit, then add pure anthocyanin extract in a 
ratio of 1 : 2 between extract and distilled water. Observe 
the color produced by each pure extract in the recitation 
tube. Next is the manufacture of positive control 
solution in the following way: prepare pure extracts 
from each ingredient of shallot skin, purple sweet potato 
and dragon fruit, then put 1 ml of pure anthocyanin 
extract of each ingredient in a test tube, then add 9 ml of 
formalin solution to a test tube that already has 1 ml of 
pure extract, then homogenize the pure extract and 
formalin solution into a test tube with each 
concentration of 1%, 2%, 5%, 10%, and 25%.  

Next, observe the color changes in the food 
ingredients that have been dripped with the extract. The 
next step is to identify food using anthocyanin extracts 
from shallot skin, purple sweet potato and dragon fruit 
skin, with the following steps: prepare food ingredients 
that have been mashed and will be tested, then the food 
is dripped with distilled water and stirred. Next, the 
anthocyanin extract solution from each ingredient 
(shallot skin, sweet potato and dragon fruit) is dripped, 
then observe the color changes in the food that has been 
dripped with the extract, and compare the color with the 
color change of the positive control solution and 
negative control. For comparison, also test the formalin 
content using KMnO4. 

 

Results and Discussion 
 

The utilization of organic waste as a natural 
detector of formalin in campus snacks is proven to be 
possible through the use of shallot skin, purple sweet 
potato skin, and dragon fruit skin. The three types of 
skin waste were then dried, filtered and made into a 
positive control solution in the form of pure extracts 
from each ingredient of shallot skin, purple sweet potato 
and dragon fruit. The results of the pure extract can be 
seen in Figure 3. The results of the formalin test using 
purple sweet potato skin extract can be seen in Table 1. 
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Table 1. Formalin Test Results Using Purple Sweet 
Potato Skin Extracts 
Negative control (-) - 

Positive control  (+) 

1% 
IB meatballs, BR meatballs, 

nuggets, cilor 

2% TL meatballs 

5% 
Basreng, cilok, bakso BR chicken 

noodle, cilor 

10% 
Meatballs AM, dumplings, otak-

otak, dumplings KP, meatballs PI 

25% 

Yellow noodle meatball PI, yellow 
noodle meatball TL, yellow noodle 

meatball IB, sukoi, meatball ML, 
yellow noodle meatball AM, yellow 

noodle meatball BR 

 
Table 1 shows that all foods contained 

formaldehyde, but with different levels (percentage). 
The highest formalin content of 25% based on the test 
results using purple sweet potato extract was found in 4 
types of yellow noodles and 3 types of meatballs 
sampled, and the rest in other snacks made from tapioca 
flour. These results can be seen after the sample food 
ingredients are dripped with purple sweet potato skin 
extract showing a color change reaction that matches the 
positive control. Purple sweet potato skin contains 
natural chemical compounds called anthocyanins (Dewi 
et al., 2014), as does shallot skin. Anthocyanins give the 
sweet potato skin its purple color and also act as   natural 
antioxidants that are beneficial to human health.  

The results of the formalin test using purple sweet 
potato skin extract can be seen in figure 2.  

 

 
Figure 2. Formalin test results using purple sweet potato skin 

extracts 

 
There are several reasons that may motivate sellers 

to use formalin in the snacks they sell, even though the 
use of formalin in food is unsafe and prohibited by food 
regulations (Schiefer et al., 2016). Some of these reasons 
include: Extending shelf life; formalin is an effective 
preservative that can prolong the shelf life of food 
products. By using formalin, sellers can reduce the risk 

of their products deteriorating or quickly becoming 
damaged (Biplob Hossain et al., 2019), allowing them to 
sell the products for a longer period of time. Maintaining 
appearance and texture; formalin can help preserve the 
appearance and texture of snacks, particularly in 
products like fish, meat, or perishable fruits (Akter & 
Bari, 2018). By using formalin, sellers can prevent color 
changes, physical damage, or excessive moisture in their 
products, thus keeping them visually appealing to 
consumers.  

Reducing financial losses; in some cases, sellers 
may view the use of formalin as a way to mitigate the 
risk of financial losses resulting from spoiled or unsold 
products. By extending the shelf life of products using 
formalin, they hope to sell the products at full price 
before any damage or expiration occurs.  

Increasing profits; the use of formalin can assist 
sellers in producing more products at a lower cost. By 
extending the shelf life of products, they can maintain 
larger inventories, reduce waste, and enhance profit 
potential.  

It is important to note that the use of formalin in 
food is unsafe and prohibited by food regulations. 
Selling food products containing formalin poses 
significant risks to consumers and violates food safety 
regulations. Therefore, it is crucial for government 
authorities to take strong measures in monitoring and 
controlling such illegal practices to protect the public 
from the health hazards associated with the use of 
formalin in food. The results of formalin testing using 
red onion peel extract can be seen in Table 2. 

 
Table 2 Formalin Test Results Using Onion Skin Extract 
Negative control (-) - 

Positive control  (+) 

1%  

2% Cilok 

5% Cilor, cimol, IB meatballs 

10% 
Siomay KP, yellow noodle 

meatball PI, meatball TL, 
meatball PI 

25% 

Basreng, otak-otak, nugget, sukoi, 
meatball ML,  meatball  IB yellow 

noodle,  meatball  TL yellow 
noodle,  meatball  BR yellow 

noodle,  meatball  AM yellow 
noodle,  meatball  AM, b meatball  

BR. 

 
Table 2 shows that the highest formalin content was 

found in 6 types of meatballs sampled, as well as several 
types of campus snacks made from tapioca flour. This 
shows that there are still many sellers who are not aware 
of the dangers of using formalin in food. The 20 samples 
tested in this study can be seen in Figure 3. 
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Figure 3. Food sample  

 
Onion skin contains a natural chemical compound 

called anthocyanin. When anthocyanin reacts with 
formaldehyde, the color of the shallot skin will turn 
purple or purplish blue. This reaction is a natural 
detector of formaldehyde in food, including yellow wet 
noodles which are often targeted for formaldehyde 
addition by some irresponsible traders (Enjelina & Erda, 
2022; Haley et al., 2021; Paine et al., 2018; Schiefer et al., 
2016; Solanki et al., 2019). 

The results of the formalin test using garlic skin 
extract can be seen in figure 4.  

 

 
Figure 4. Formalin test results using garlic skin extracts 

 
Besides using garlic skin extract, formalin content 

test was also conducted using dragon fruit skin extract. 
The results of the formalin test using dragon fruit skin 
extract can be seen in Table 3. 

Table 3 shows that the highest formalin content was 
found in five yellow noodle samples and one meatball 
sample. This shows that there are still many sellers who 
are not aware of the dangers of using formalin in food. 
Formalin is widely used as an alternative in preserving 
food because it is cheap compared to permitted food 
preservatives such as sodium benzoate (Fauziyya & 
Saputro, 2020). This can be one of the reasons food sellers 
still use preservatives in the form of formalin, even 
though this is very detrimental to the health of 
consumers. The results of the formalin test using the 
three organic wastes can be seen in Table 4. 

 

Table 3 Formalin Test Results Using Dragon Fruit Peel 
Extract 
Negative control (-) - 

Positive control (+) 

1% Cilok 

2% Cilor, BR meatballs 

5% 
TL meatball yellow noodles, IB 

meatball yellow noodles,  

10% 
Siomay KP, yellow noodle 

meatball AM, yellow noodle 
meatball PI, Cimol 

25% 

AM meatballs, PI meatballs, BR 
meatballs, siomay, otak-otak, 

nuggets, ML meatballs, basreng, 
TL meatballs, IB meatballs, sukoi. 

 
For comparison, researchers have also conducted a 

qualitative test of formalin content using Potassium 
Permanganate (KMnO4). Potassium permanganate 
(KMnO4) is used to detect formalin content in food 
because KMnO4 has the ability as a strong oxidizer 
(Sandra et al., 2022). Oxidizers are chemical substances 
that can reduce other compounds by releasing electrons, 
and in this case, KMnO4 can reduce formalin in food 
samples. The results of the formalin test using 
dragonfruit skin extract can be seen in figure 5. 

 

 
Figure 5. Formalin test results using dragonfruit skin extracts 

 
Formalin is a chemical compound that is often used 

as a preservative in food (Hossain et al., 2019; Mirzal et 
al., 2016; Pandey, 2000). However, formalin is also 
known as a substance that can harm human health, if 
consumed in excessive amounts (Saputri et al., 2019). 
Therefore, to ensure that the food consumed is safe and 
does not contain formalin, formalin test with KMnO4 is 
often used as one of the methods of formalin detection 
in food (Kiroh et al., 2019). 

In the formalin test with KMnO4, formalin is 
reduced by KMnO4, producing formic acid and oxygen 
compounds such as MnO2 (Sari et al., 2017). This 
reaction causes a change in the color of the KMnO4 
solution from purple to yellowish brown. This color 
change indicates the presence of formalin in the food 
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sample. The results of the formalin content test using 
KMnO4 can be seen in Table 4. 

 
Table 4. Formalin Test Results Using KMnO4 
Negative control (-) - 

Positive control (+) 

Meatballs IB, bakso BR, nuggets, cilor, 
meatballs TL, basreng, cilok,  meatballs  

BR chicken noodles, cilor,  meatballs  
AM, siomay, otak-otak, siomay KP,  
meatballs  PI,  meatballs  PI yellow 

noodles,  meatballs TL yellow noodles,  
meatballs  IB yellow noodles, sukoi,  

meatballs ML,  meatballs AM yellow 
noodles, meatballs BR yellow noodles. 

 
From table 4, the results of the formalin content test 

using KMnO4 tested on food directly show that all foods 
used as test samples are positive for formalin, as 
evidenced by the final color results obtained in testing 
food samples, the results of color changes become clear 
after being tested with KMnO4 so it can be concluded 
that the sample is positive for formalin (Adwiria et al., 
2019). This shows the lack of awareness of food vendors 
around campus of the dangers of formalin. Formalin is 
known to cause dizziness, nausea, and skin irritation 
(Freeman et al., 2009). 

Previous research on funeral workers who 
embalmed using formalin showed that there was an 
increased risk of blood cancer in these workers 
(Hauptmann et al., 2009). The utilization of organic 
waste as a natural detection material for formalin in 
campus snacks has not been widely done, even though 
this has several advantages. First, the detection material 
used comes from natural organic materials that are 
easily available and not harmful to human health. 
Second, the use of organic materials can help reduce the 
amount of waste disposed to the environment, thus 
reducing the negative impact on the environment 
(Medicine et al., 2022). Purple sweet potato skin, dragon 
fruit skin, and shallot skin contain chemical compounds 
that can react with formalin (Liu et al., 2021; Paine et al., 
2018; Schiefer et al., 2016), so they can be used as natural 
detection materials for formalin in campus snacks. 

Purple sweet potato skin contains phenolic 
compounds such as anthocyanins, flavonoids, and 
tannins that can react with formaldehyde and produce 
color changes (Alappat & Alappat, 2020; Enaru et al., 
2021; Tan et al., 2022). Anthocyanin compounds in 
purple sweet potato skin are known to have the ability 
as pH indicators and can produce color changes based 
on the acidity of a solution. 

Dragon fruit skin contains betasianin and 
betasianidin compounds that can also react with 
formalin and produce color changes (Aiadkaeo et al., 
2022). These betasianin and betasianidin compounds are 

also known to have the ability as pH indicators and can 
produce color changes based on the acidity of a solution. 
Onion skin contains flavonoid and quercetin 
compounds that can react with formalin and produce 
color changes. The quercetin compound in shallot skin 
is also known to have the ability as an antioxidant and 
can help protect body cells from free radical damage 
(Octaviani et al., 2019). 

Although the chemical compounds in these three 
organic wastes can react with formalin and produce 
color changes, further research needs to be done to 
ensure the accuracy and reliability of these natural 
detection materials in detecting the presence of formalin 
in food and beverage products. 

This study still has some weaknesses. First, this 
study was only conducted on campus snacks and has 
not been tested on other food or beverage products. 
Secondly, this study was only conducted on a laboratory 
scale and has not been tested on a larger scale. Therefore, 
further research needs to be done to expand the 
application of this natural detection material on various 
food and beverage products and tested on a larger scale. 

 

Conclusion 
 

From the observation of color changes after being 
reacted with extracts of purple sweet potato skin, garlic 
skin and dragon fruit skin covering 20 samples of food 
snacks around campus consisting of 6 samples of 
meatballs, 5 samples of yellow noodles, 2 samples of 
siomay, 1 sample of chicken noodles, 1 sample of otak-
otak, 1 sample of cilok, 1 sample of cilor, 1 sample of 
nuggets, 1 sample of basreng, and 1 sample of sukoi, all 
samples were shown to contain formalin with varying 
concentrations ranging from 1%, 2%, 5%, 10% and 25%, 
so it is not safe for long-term consumption and students 
and the wider community must be careful in choosing 
snacks around campus. Based on the results of this 
study, it can be concluded that purple sweet potato skin, 
dragon fruit skin, and garlic skin can be used as natural 
detection materials for formalin in campus snacks. The 
use of these natural detection materials has the potential 
to help ensure the safety of food and beverage products 
consumed by the community. In addition, the utilization 
of organic waste as a natural detection material can also 
help reduce the amount of waste disposed of into the 
environment. 
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