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This study aims to determine the yield and quality of liquid smoke in the form of pH 

values, acid levels, and phenol levels from the burning of red fruit seed waste as raw 

material for grade 3 liquid smoke using pyrolysis equipment. Liquid smoke is used as 

an alternative food preservative and flavor enhancer that it can use in the food 

processing industry to minimize the use of harmful preservatives such as formalin. But 

it also can be used as a biopesticide in agriculture so that it becomes an alternative to 

chemical pesticides in controlling pests. It was researched at the Research Laboratory 

of the Chemical Engineering Department FTI UMI Makassar in July 2020 and the 

Agrotechnology Laboratory of the Petra Baliem Wamena Agricultural Science College 

in April 2021. The research activity began by making grade 3 liquid smoke because 

liquid smoke can be used as a biopesticide at this level. Then proceed with the analysis 

of the chemical and physical content of liquid smoke. The research method used was 

an experimental method with six replications on the amount of red fruit seed waste 

500 g, 1000 g, and 1500 g. The pyrolysis process was carried out at temperatures 

ranging from 300-400ºC for 180 minutes. The results of the observations from the tests 

carried out showed that the liquid smoke of red fruit seed waste produced was more 

in the weight or quantity of red fruit seed waste 1000 g was BM2 treatment which had 

a pH value of 3.35, the acid content of 14.20%, total phenol content of 4.91%, quite 

brown. Thick and smells like liquid smoke. The high levels of acid ranging from 13.73-

14.20% and high levels of phenol ranging from 4.91-5.11% compared to previous 

studies with raw materials for liquid smoke of rice husks, coconut shells, and organic 

waste, made the liquid smoke of red fruit seed waste as a biopesticide with repellant 

and anti-inflammatory properties. Insects ate them because acids and phenols can 

provide an aromatic that insects do not like. 
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1. Introduction1 

Papua is the centre of red fruit production, making red fruit one of the typical plants or endemic plants of Papua because it is 

known that it can only grow well in Papua. The utilization of red fruit itself leaves waste which is mostly not utilized. The waste is 

in the form of fibrous seeds resembling coconut fibers. Based on the shape and characteristics that contain cellulose, hemicellulose, 

and lignin, red fruit seed waste has the potential as raw material for making liquid smoke. The chemical composition of the liquid 

smoke raw materials greatly determines the chemical quality and functional properties of the liquid smoke produced. It is important 

to know the basics of selecting raw materials that it will use to produce liquid smoke that has good potential to be used as a 

biopesticide in terms of its function. It is well known that pyrolysis is a process of lignocellulosic breakdown through combustion 

under limited oxygen conditions which produces gaseous substances in the form of smoke, liquids in the form of tar, and solids in 
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the form of charcoal, the amount of which depends on the type of material, method and conditions of pyrolysis (Lingbeck, et al., 

2014). It also explained that the three main elements of wood are cellulose, hemicellulose, and lignin (Girard, 1992; Yusnaini & 

Indah, 2014; Cadwallder, 2007). Therefore, all types of agricultural biomass consisting of cellulose, hemicellulose, and lignin can 

potentially be used as raw materials for liquid smoke. It is generally known that liquid smoke can be used as a substitute for food 

preservatives or extend the shelf life of products (Yusnani & Indah, 2014; Herwati, et al.,2017; Ariestya, et al., 2016; Sarwendah, et 

al., 2016; Assidiq, et al., 2019). As a preservative to food, liquid smoke based on its properties, liquid smoke can provide many 

benefits for human life. Liquid smoke has been widely used in everyday life including as an inhibitor of bacterial growth (Dien, et 

al., 2019), insecticides (Wagiman, et al., 2014), pesticides (Sari, et al., 2018; Suhanda, 2016) latex coagulation (Sarbini, et al., 2018; 

Vachlepi, R & R. Ardika, 2019), corrosion prevention on lead metal (Vachlepi A & D. Suwardin, 2015), lead metal binder (A’yuni, et 

al., 2017). This study aims to obtain the yield value and quality characteristics of liquid smoke from the pyrolysis integration tool 

in the amount of red fruit seed waste different from a predetermined temperature. Yunus (2011), reported that the best quality of 

liquid smoke from coconut shells obtained from a pyrolysis temperature of 400ºC and a pyrolysis time of 180 minutes showed 

that the liquid smoke produced contained 4.13% phenolic compounds, 11.3% carbonyl, and 10.2% acid. 

 

Meanwhile, Zultinar (2014), also reported that the best quality of liquid smoke from durian skin was obtained from a pyrolysis 

temperature of 350ºC and a pyrolysis time of 150 minutes with a yield of 26.52%, pH 3.3, acid content 0.211 N, and density 0.973 

gr/ml. Based on this, in this study, the temperature limit of the pyrolysis tool ranged from 300-400ºC, which was carried out for 

180 minutes to produce the best yield of liquid smoke of red fruit seed waste. However, it is necessary to know the quantity of the 

best raw material for red fruit seed waste to conduct a quantity test of the liquid smoke of red fruit seed waste. 

2. Research Methods 

2.1 Materials and Equipment  

The materials used in the manufacture of liquid smoke are using red fruit seed waste as raw materials and water to help condensate 

smoke. The tools used in the process of making liquid smoke are pyrolysis reactors, condensers, and thermocouples. The 

equipment used to test and analyze liquid smoke is a measuring cup, thermometer, pH meter, Erlenmeyer flask, oven, test tube, 

dropper, UV-Vis Spectrophotometer, and GCMS (Gas Chromatography-Mass Spectrometer). 

 

2.2 Research Methods  

The Determination of the weight or quantity of the raw material for the liquid smoke of the red fruit seed waste has been adjusted 

to the capacity of the existing pyrolysis reactor. Because its size is relatively small and quite simple, it is necessary to determine the 

appropriate weight or quantity of raw materials. The method used in this research is an experimental method with different weight 

or quantity treatment of pyrolysis raw materials, namely 500 g, 1000 g, and 1500 g with pyrolysis and condensation methods. The 

temperature used ranged from 300-400ºC and was carried out for 120 minutes. Furthermore, research preparation, research 

implementation, liquid smoke purification, and parameter observation are carried out.  

 

2.3 Research Procedure  

The procedure for the activities carried out in this research includes the preparation of tools and materials used during the research, 

implementation, and testing related to the characteristics of the liquid smoke produced. Preparation of tools and materials to be 

used begins with preparing raw materials for red fruit seed waste, which must dry first. The water content of red fruit seeds is 

calculated using the oven method to ensure the water content has run out. Furthermore, the red fruit seed waste is ready to be 

put into the pyrolysis reactor room, then condensed. The liquid smoke obtained from the pyrolysis results is accommodated in a 

container. Then the resulting liquid smoke is deposited for ± one week and filtered. Then the most important thing is to test the 

physical and chemical characteristics of the liquid smoke produced. 

 

2.4 Research Parameters  

2.4.1 Liquid Smoke Yield  

The liquid Smoke yield is the ratio of the amount (quantity) of the product produced from material extraction. Yield is expressed 

in percent (%). The higher the yield, the higher the quality of the process that occurs. Yield can be calculated using Equation 1. 

 

Yield (%) = 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑 𝑠𝑚𝑜𝑘𝑒 (𝑔𝑟) 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑎𝑤 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 (𝑔𝑟)
 𝑥 100% ..........(1) 

 

2.4.2 Liquid Smoke Quality 

Liquid Smoke quality includes pH value, acid content, and total phenol by following the Japanese quality standards (Yatagai, 2002) 

are presented in table 1.  

 

Table 1. Japanese specification liquid smoke quality standard 
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Parameters (parameters) Quality of liquid smoke (Quality of liquid smoke) 

pH 

Acid Content % 

Phenol (Phenol) % 

Color (Color) 

Aroma 

1.5 – 3.7 

1 – 18 

- 

Yellow – Reddish Brown 

- 

Source: Yatagai (2002) 

 

2.4.3 pH Value 

To determine the pH value of the liquid smoke produced, this study determined the pH using a digital pH meter by first dipping 

the electrode into distilled water, then drying it with a tissue. Then the electrode was inserted into the liquid smoke sample. Then 

calibration was carried out using pH 4 and 7 buffers. Note the value of the degree of acidity (pH) that appears on the monitor 

screen. 

 

2.4.4 Acid Level 

To determine the acid content of liquid smoke, as much as 2 ml of liquid smoke is mixed with 20 ml of aquadest and mixed until 

homogeneous. Then the solution weighed as much as 2 grams and added three drops of phenolphthalein indicator. The answer 

was titrated with 0.1 N NaOH until a purplish red color. Furthermore, the acid content of liquid smoke is calculated using the 

calculation of equation 2. 

  

Acid content = = 
𝑉 𝑡𝑖𝑡𝑒𝑟 𝑥 𝑁 𝑁𝑎𝑂𝐻 𝑥 𝑓𝑝 𝑥 60 

𝐵𝑆 𝑥 1000
𝑥 100% ....... (2) 

 

It is known that V titer is the volume of NaOH used in ml, N NaOH is normality. NaOH, BS is the sample weight in gr, and fp is the 

diluent factor. 

 

2.4.5 Total Phenol Level 

Content in liquid smoke was measured using a spectrophotometer. A sample of 0.5 mg of liquid smoke was prepared diluted with 

10 ml of ethanol to determine the phenol content in the resulting liquid smoke. The mixture was taken 0.1 ml and diluted with 

distilled water to 8 ml. it put the solution into a test tube, and then it added the mixture 0.5 ml of 10% Folin-Ciocalteu reagent. 

Mix in a vortex for 1 minute. It added 1.5 ml of sodium carbonate (Na2CO3) 20% and left at room temperature for 60 minutes. Then 

the absorbance was measured at 755 nm using a UV-Vis Spectrophotometer. Furthermore, the total phenol content was calculated 

using Equation 3. 

 

Total Phenol content = 
𝑥.𝑉.𝑓𝑝 

𝐵𝑆
𝑥 100................ (3) 

 

It is known that x is the concentration in g/ml, V is the sample volume in ml, fp is the diluent factor, and BS is the weighted sample 

in grams. 

 

3. Results and Discussion 

3.1 Quality of Raw Materials Liquid Smoke Waste of Red Fruit Seeds 

As it is known that pyrolysis is a process of lignocellulosic breakdown through combustion under limited oxygen conditions which 

produces gaseous substances in the form of smoke, liquids in the form of tar, and solids in the form of charcoal whose amount 

depends on types of materials, methods, and conditions of pyrolysis (Lingbeck, et al., 2014). It also explained that the three main 

elements of wood are cellulose, hemicellulose, and lignin (Girard, 1992; Yusnaini & Indah, 2014; Cadwallder, 2007). Therefore, to 

ensure that the red fruit seed waste is suitable for use as raw material for making liquid smoke, cellulose, hemicellulose, and lignin 

content test is carried out. Based on the test results presented in table 2, it can see that the raw material of red fruit seed waste 

can be used as raw material for liquid smoke because it contains cellulose, hemicellulose, and lignin which support in producing 

good liquid smoke.  

 

 

 

 

Table 2. Test parameters for cellulose, hemicellulose, lignin as raw materials for liquid smoke from red fruit seed waste 
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Parameters for analysis Results Of Unit 

Cellulose 37.68 - 38.95 % 

Hemicellulose 13.76 - 15.95 % 

Lignin 32.79 - 34.41 % 

Source: PSPG UGM lab test (2020) 

3.2 Liquid Smoke Yield 

Yield is the result of dividing the amount of liquid smoke produced by the number of raw materials used and expressed in percent. 

In determining tool performance, the resulting yield needs to be taken into account. The yield produced in the pyrolysis process 

of red fruit seed waste for 180 minutes ranged from 17.8 to 50.6%. The yields of the three treatments had significantly different 

values, but not for the liquid smoke produced because they had not too different values. The difference in the amount of liquid 

smoke yield in the treatment of the weight or quantity of raw material for red fruit seed waste is caused by the capacity or capacity 

of the pyrolysis reactor tube used. It is also influenced by changes in temperature during combustion, which directly affect the 

amount of condensed smoke. As stated by Haji et al., [20] that pyrolysis at temperatures that are too high will cause the formation 

of liquid smoke to decrease because the smoke produced is not entirely condensed. The yield of liquid smoke produced is still low 

due to the distribution of heat in the furnace being still not too evenly distributed and seen from the condition of the raw materials 

for the rest of the combustion that has not been wholly charred into charcoal. 

 

Table 3. The average value of the liquid smoke yield of red fruit seed waste. 

Treatment  Liquid Smoke (ml) Yield (% 

BM1 253 50.6 

BM2 372 37.2 

BM3 267 17.8 

Description: BM1 = 500 g = 1000 g BM2, BM3 = 1500g 

Based on Table 3, the yield produced in each treatment showed different results. The yield produced decreased in line with the 

increase in raw materials through the liquid smoke pyrolysis process. Grade 3 is liquid smoke that has been filtered. Seeing these 

results, recommendations for the weight or quantity of red fruit waste raw materials are suitable for the reactor tube capacity. The 

pyrolysis used is the weight or quantity of 1000 g. This BM2 treatment is the best in producing liquid smoke. Although based on 

the yield calculation (%), BM2 treatment shows a lower value than BM1; however, if it is calculated based on time efficiency and 

the results of the liquid smoke, BM2 treatment is still better. And what is not recommended is BM3 treatment because of the 

weight or quantity of raw materials, which is too much, causing it not to burn completely so that the smoke produced and 

condenses a little. This is not time efficient and the materials used are not utilized optimally.  

3.3 Quality of Liquid Smoke of Red Fruit Seed Waste  

The quality of liquid smoke is very dependent on the chemical components contained in it. Especially liquid smoke that can be 

used as a biopesticide must have a chemical content that supports its function as a biopesticide.  

 

Table 4. Content of pH, acid, and phenol content of liquid smoke of red fruit seed waste grade 3 

Treatment of  pH Acid content (%) Phenol content (%) 

500 g 3.20 13.96 4.94 

1000 g 3.35 14.20 4.91 

1500 g 3.27 13.73 5.11 

 

3.3.1 pH Value  

The pH value is one of the quality parameters of the resulting liquid smoke. Measurement of the pH value in liquid smoke aims to 

determine the level of the decomposition process of raw materials by pyrolysis to produce organic acids in liquid smoke. The 

average pH value in the liquid smoke produced in the pyrolysis process of red fruit seed waste varies, as in table 3. Based on table 

3, it can see that the pH value of liquid smoke from all treatment results is classified as acidic, ranging from 3.20 to 3.35. 

 

3.3.2 Acid content (%) 
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Acid content is one of the essential parameters that determine the quality of the liquid smoke produced. The acid levels obtained 

in each treatment can be seen in Table 4. The acids derived from liquid smoke can affect the taste and pH (Wijaya et al., 2008) and 

significantly affect the total phenol produced. Luditama, (2006), stated that the antimicrobial properties of Liquid smoke would 

increase when organic acids are present together with phenol compounds. The acid content of the liquid smoke of red fruit seed 

waste is high when compared to the content of coconut shell liquid smoke in previous studies (Ishak, et al. 2019). It explained that 

the acid content of coconut shell liquid smoke showed a value of 13.93 mg/mL at a concentration of 7%. The high and low acid 

content of liquid smoke is influenced by the cellulose content of the raw materials used.  

 

3.3.3 Phenol content (%) 

Phenol content is a significant parameter to know in determining the quality of liquid smoke. The identification of phenolic 

compounds in liquid smoke is expected to represent the quality criteria requirements. The results of the analysis of total phenol 

are presented in Table 4 as follows. Table 4 data shows that the complete phenol content in liquid smoke ranges from 4.91 to 

5.11%. The phenol content contained in the liquid smoke of the red fruit seed waste is much higher when compared to the phenol 

content obtained in the study of Haji, et al., (2007), at a temperature of 350-510ºC produces an average phenol content of 0.012% 

with the raw material of pyrolysis of solid organic waste. Another study conducted by Rasi & Yulius (2016), obtained a moderate 

phenol content of 3.88% at a temperature of 300–500ºC in liquid smoke resulting from the pyrolysis of coconut shells. In another 

study by Sitanggang and Sigalingging, (2018) with the raw material liquid smoke from rice husk, average levels of phenols ranged 

from 0.0051 to 0.0074%. Judging from the high levels of phenol, this indicates that the liquid smoke from the waste of red fruit 

seeds can be used as a biopesticide. The presence of a high phenol content can make liquid smoke a biopesticide that is repellent 

and anti-eating by insects. The presence of phenol can provide an aroma that insects do not like.  

 

4. Conclusions and Suggestion 

conclusions that it can draw based on the results of the study are the yield and the quality of liquid smoke in the form of pH values, 

acid levels, and phenol levels of red fruit seed waste as raw material for grade 3 liquid smoke by using a pyrolysis tool that has the 

potential as a good biopesticide in controlling pests. The recommended weight or quantity of raw material for red fruit seed waste 

that produces more liquid smoke is BM2 treatment with a weight of 1000 g of raw material having a pH value of 3.35, acid content 

of 14.20%, and total phenol content of 4.91%. The high acid content ranging from 13.73-14.20% and the high phenol content 

ranging from 4.91-5.11% compared to the raw materials for liquid smoke of rice husk, coconut shell, and organic waste, makes the 

liquid smoke of red fruit seed waste a biopesticide that is repellent and anti-insect eating. Because the presence of acids and 

phenols can provide an aromatic that insects do not like. 

 

Suggestions that it can carry out are the need for further research to test the biopesticide of liquid smoke from red fruit seed waste 

on the mortality of pests or plant-disturbing organisms in agricultural crop commodities because it has the potential for effective 

control and is one of the environmentally-friendly control techniques. 
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