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Novelty statement

Utilization of liquid smoke to grow cat's whiskers plants hydroponically has never been done. These results show that low-concentration liquid smoke can increase the growth and sinensetin levels of cat's whisker plants.
Abstrack
Liquid smoke is a by-product of the lignocellulosic pyrolysis process and has long been used for various purposes, such as antimicrobial, antioxidant, deodorizing, and plant growth. Several studies have proven the benefits of liquid smoke for the growth of sengon, mahogany, acacia, and other tree seedlings. The utilization of liquid smoke for the growth of medicinal plants, especially Orthosiphon aristatus, has yet to be widely carried out. This research aims to determine the effect of liquid smoke concentration produced at temperatures of 200 ⁰C and 400 ⁰C on the growth response of cat's whiskers in a hydroponic wick system. This study used liquid smoke collected by stratification technique at 200 and 400 ⁰C from three waste raw materials: pine wood, teak wood, and bamboo. The concentration of liquid smoke for hydroponic solution media is 0.25%, 0.5%, 1%, and 2%. The results showed that the Andong bamboo liquid smoke (ABLS) in a concentration of 0.25% at 200 ⁰C gave better results for the cat whisker plant than the control and other treatments.
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Introduction
Industrialization in various sectors of life has increased the chemical load on natural ecosystems, such as pesticides, fertilizers and chemical growth regulators, which are used massively. However, despite their advantages, these materials cause many adverse effects on health and the environment (Buckley et al. 2021; Kalloo et al. 2018; Kumar et al. 2020). Most of the chemical sources come from petroleum and coal. However, the availability of fossil fuels and coal is limited and non-renewable. In addition, fossil fuels can produce greenhouse gas emissions that cause climate change and the balance of nature (Ratledge et al. 2022).

Synthetic chemical pesticides are known to have negative impacts on the environment and humans. This condition prompted an international agreement to impose restrictions on the use of chemicals in the production process, especially synthetic chemical pesticides for pest and disease control in agriculture, forestry and plantations. The European Union has made a political decision to raise environmental awareness in the form of a directive with the code 2009/128/EC, which encourages the development of crop protection and integrated pest management (IPM) in the EU. One of them is biological control technology that minimizes environmental and human health risks, for example, natural ingredients or botanical products (Helepciuc and Todor 2021).

Natural ingredients have been extensively researched and given good results, for example, soursop leaf extract, neem leaf extract, tuba root extract and others (Chaudhary et al. 2017; Ogbuehi and Onuh 2020; Rustam et al. 2021). These plant extracts effectively control pests, disease and antimicrobial attacks. Some plants, such as onions and bamboo shoots, are pretty effective as growth boosters, such as auxins and gibberellins (Hasibuan et al. 2020; Lukman et al. 2022b). Another natural product is liquid smoke from the carbonization process. Previous studies have reported that liquid smoke can be used as a food preservative (noodles, meat, tofu, and meatballs) (Desvita and Faisal 2020; Faisal and Gani 2018), deodorizing or coagulant agent in rubber processing. Also as pesticides, antibacterial, antifungal (Li et al. 2018; Chukeatirote and Jenjai 2018; Suresh et al. 2019). In addition, an important area of ​​application of liquid smoke is in agriculture and forestry for plant growth, such as paddy, horticulture and forestry plant seeds (Chen et al. 2016; Wang et al. 2019). Research on the regulatory effect of liquid smoke on seed germination and plant growth has been carried out by Wang et al. (2019), who reported the results of germination and plant growth that varied with concentration and type of seed. According to Zhu et al. (2021), liquid smoke has an effect that encourages or stimulates plant growth similar to growth regulators and is environmentally friendly. 

Based on literature searches, medicinal plants, especially cat's whiskers, have never been studied with liquid smoke. According to Abdullah et al. (2020). Kumis kucing (Orthosiphon aristatus) is well-known as a traditional medicine that is already used in several countries, i.e., Indonesia, Malaysia, Myanmar, Thailand, Vietnam, South Korea, and Japan. Even France, England, and some other countries have consumed the kumis kucing product. Some benefit was reported from part of this plant for health treatment, i.e., antidiabetic, hypertension, diuretic, hepatitis, antipyretic, gout arthritis, kidney tonic, detoxification etc. 
Cultivation of cat whiskers is generally carried out using soil as a medicinal plant in the garden or for large production capacities. People who do not have land or are limited can cultivate hydroponically. Hydroponics of cat whiskers with liquid fertilizer media mixed with liquid smoke is still not widely practised. Liquid smoke research on crops is still limited, especially from pyrolysis temperature stratification produced for medicinal plants in hydroponic systems. Therefore, in this study, a suitable concentration of wood vinegar from teak wood, pine wood and bamboo were selected from 200 ⁰C and 400 ⁰C to study the effects of different treatments on cat whiskers plant growth; phytotoxicity, high of plant, diameter of stem, biomass fresh weight, and sinensetin value for the selected treatment. This study aims to determine the effect of adding liquid smoke to the phytotoxicity and growth of cat's whiskers by hydropinic wick system.
Material and Methods
Experimental material 
Teak wood liquid smoke (TWLS), pine wood liquid smoke (PWLS), and Andong bamboo liquid smoke (AABLS) are produced using the pyrolysis temperature stratification method. This research used liquid smoke produced at 200 C % and 400 C, based on low and high values of phenol and acid (Wibowo et al. 2023). Bahan kimia yang digunakan untuk analisis: folin ciucaltesiu, fenolptalin, etanol, NaOH, Na2SO4, KI, C6H5OH 99,99%, chloroform, NaCl, HCL, K2Cr2O7, K2HPO4, KH2PO4, K4Fe(CN)6, KBrO3 anhidrat,  NH4OH, H2SO4 (Merck), aquades dan lain-lain. GCMS and AAS analysis are used to determine the chemical and nutrient content of cat's whiskers leaves. While HPLC analysis for sinensetin levels of cat's whiskers leaves. The research was conducted in green house, on The Center for Standardization of Sustainable Forest Management Instruments, Bogor, West Java Indonesia. 
Preparation of plant stem cuttings seeds

The cat's whiskers plant stem cuttings seeds were obtained from the Cigombong District, Bogor Regency West Java, Indonesia. Sources of stem cuttings are healthy plants growing well and fertile, then cut the stem along ± 20 cm. Remove some leaves to reduce evaporation. Furthermore, the cuttings are planted in a shaded nursery until they sprout, and roots appear in approximately 10-15 days and are ready to be planted.  
Preparation of phytotoxicity test
Before observing the growth, liquid smoke was tested for pytotoxicity. Phytotoxicity test of liquid smoke is aimed at obtaining a dose of liquid smoke that does not cause phytotoxic symptoms in plant leaves. Phytotoxic test using liquid smoke concentrations of 0.25%, 0.5%, 1%, 2%, 3%, 5% and 7% (v/v). Seedlings of the cat's whiskers plant from 1-month-old cuttings that have been rooted were used as test plants. The seeds were transferred to polybag media, and the seedlings were conditioned for one week. Liquid smoke, and then the seedlings were conditioned for one week. Liquid smoke of pine, teak and bamboo with concentrations of 0.25%, 0.5%, 1%, 2%, 3%, 5%, and 7%, respectively, in the amount of 100 mL, of which poured 50 mL into the planting medium, and sprayed 50 mL onto the leaves and stem. Furthermore, the phytotoxic symptoms were observed every day and were limited to the 15th day after the application of liquid smoke. Leaves that cause phytotoxic symptoms (wilting/clorosis) are scored 0 (no symptoms), score 1 (1-3 leaves), score 2 (4-6 leaves), score 3 (7-9 leaves), score 4 (more than 9 leaves), and a score of 5 (plant dead). Scoring is done by following the modified method in Aisyah et al. (2018) by counting the number of leaves experiencing wilting or yellowing (chlorosis) in each sample plant. The severity of phytotoxicity symptoms was ranked after application with a score of 0-1 (no symptoms), low (1.1-2.5), medium (2.6-4.0), high (4.1-5.0). 
Preparation of wick system hydroponic on cat's whiskers plant
Hydroponic media nutrient solutions are made by mixing water, hydroponic fertilizer, and liquid smoke to obtain hydroponic media solutions with liquid smoke concentrations of 0.25%, 0.5%, and 1%, 2%. The parameters analyzed were plant height, fresh weight of leaves, stems, and roots, increase in total biomass weight (leaves, stems, and roots), root length, plant nutrient testing, and sinensetin content (Hossain and Ismail 2016). 
Results 
Phytotoxicity of liquid smoke
The use of TWLS liquid smoke at a temperature of 200 ⁰C with a concentration of up to 5% did not show any phytotoxic symptoms until the 15th day with a scale of 0. Meanwhile, at a concentration of 7%, phytotoxic symptoms occurred with a scale of 3.8 (Medium). PWLS at a temperature of 200 ⁰C concentrations of 0.25%, 0.5%, 1%, and 2% did not cause phytotoxic symptoms (score 0). Still, at concentrations of 3%, 5%, and 7%, phytotoxic symptoms appeared with scores of 2.6, 4 (medium symptoms) and 4.8 (high symptoms), respectively (Table 1). At ABLS at a temperature of 200 ⁰C, concentrations of 0.5%, 1%, and 2% did not cause phytotoxic symptoms (score 0), while at 3% and 5%, although the score values were 0.2 and 0.8, respectively, they were still in the safe category. These results indicate that using liquid smoke at a temperature of 200 ⁰C from PWLS is safe to use up to a concentration of 2%, while liquid smoke from teak and bamboo raw materials is still safe to use up to 5%.
The results of observations of TWLS, PWLS, and ABLS at a temperature of 400 oC with concentrations of 0.25%, 0.5%, and 1% did not cause leaf phytotoxic symptoms, while liquid smoke concentrations of 2% produced scores of 0.6, 0.8 and 0.6 (Table 1). This value is still considered safe and is categorized as asymptomatic because the value is still in the range 0-1 (Aisyah et al. 2018). At a liquid smoke concentration of 3% at a temperature of 400 oC, low and medium levels of phytotoxic symptoms were found, while concentrations of 5% and 7% were in the high category and caused phytotoxic symptoms. Starting with some wilted leaves, observed on the third day, the leaves continued to turn yellow (chlorosis) on the 7-10th day. Then the leaves became necrotic (like burning), began to dry, fell off, stems dried out, and died on the 15th day after liquid smoke application. Meanwhile, although phytotoxicity occurs at a concentration of 3%, it does not cause the plant to die. 

Growth of Cat's Whisker Plants
ABLS 200 ⁰C in a concentration of 0.25% treatment increased plant height by 42.14 cm, followed by TWLS by 32.8 cm and PWLS by 23.66 cm, respectively. This height is higher than the control treatment, with an increase of only 23.3 cm. The treatment that resulted in the lowest increase in plant height was ABLS at a temperature of 400 ⁰C, in concentration 1%, i.e., 7.0 cm, lower than the control treatment. Meanwhile, at a concentration of 2% (except for teak liquid smoke at a temperature of 200 ⁰C), it causes plants to die. The measurement results showed that compared to the control, the TWLS treatment at a temperature of 200 ⁰C, 0.25%, significantly increased the stem diameter the most, namely 2.1 mm. These results were higher than the control treatment, with an additional diameter of 1.18 mm. The lowest increase in diameter was found in the 400 ⁰C pine liquid smoke treatment with a concentration of 1% of 0.72 mm; meanwhile, concentrations of 2% (except at TWLS, 200 ⁰C) all cause plant death.
The highest leaf weight was obtained in the treatment of ABLS 200 ⁰C in a concentration of 0.25%, namely 17.71 g, not significantly different from the leaf weight from TWLS, 200 ⁰C temperature, 0.25% concentration, 14.43 g. However, it significantly differed from controls, with an average weight of 7.17 g. The lowest leaf weight produced by ABLS at 400 ⁰C (1%) was 0.782 g.

The highest stem weight was obtained in treating TWLS 200 ⁰C (0.25%), i.e., 10.56 g. This result is not significantly different from the stem weight from ABLS at 200 ⁰C (0.25%) of 8.40 g. However, it is significantly different from the control of 4.68 g. ABLS 400 ⁰C (1%) produced the lowest stem weight of 0.78 g.

The highest root weight of cat's whisker plants was obtained at ABLS temperature 200 ⁰C (0.25%), i.e., 6.97 g. The lowest root weight resulted from ABLS treatment at 400 ⁰C (1%), namely 0.45 g. Meanwhile, the highest increase in plant root length was calculated in the treatment of TWLS 200 ⁰C in a concentration of 0.25%, i.e., 36.26 cm, higher than the control treatment with an increase in root length of 24.9 cm. The lowest increase in root length resulted from the PWLS treatment at 400 ⁰C, 1%, i.e., 1 cm.

The result of total biomass weight is the weight of biomass (leaves, stems, and roots) after harvest minus the initial weight of the plant. Table 2 shows that the highest increase in biomass weight was obtained in the ABLS treatment at 200 ⁰C with a concentration of 0.25%, i.e., 32.16 g, and the lowest was ABLS at 400 ⁰C (1%), i.e., 1.27 g. The results of variance analysis showed that liquid smoke treatment had a real influence on biomass weight. However, in Duncan's follow-up test, several treatments fell into the same group or were not significantly different.

Nutrient and sinensetin content

The results of the nutrient analysis of cat's whisker leaves showed that there was an increase in the nutrients N, P, K, Ca, and Mg in the TWLS, PWLS, and ABLS treatments at a temperature of 200 ⁰C with a concentration of 0.25% compared to the control. However, liquid smoke treatment at a temperature of 400 ⁰C with a concentration of 1% caused a decrease in nutrient levels even compared to the control (Table 4).
Analysis of sinensetin content in this study used leaves from harvests treated with liquid smoke at temperatures of 200 ⁰C and 400 ⁰C with a concentration of 0.25%. The highest content of sinensetin were found in leaf samples treated with ABLS 200 ⁰C (0.25%), namely 0.293 mg/g, which was higher than the control at 0.172 mg/g (Table 4). The lowest sinensetin content were found in the PWLS treatment at 400 ⁰C (0.25%). 
Discussion
According to Gadge et al. (2023) phytotoxicity symptoms may include leaf wilting, browning (necrosis), yellowing  (chlorosis ), leaf spots (yellow) or brown patches, leaf twisting, plant stunting or death. Based on the results, shows that liquid smoke application, produced at 400 ℃, in concentration ≥3%, is not recommended for cat's whisker plants. These results are in line with research (Aisyah et al. 2018), which states that liquid smoke from palm fronds and empty fruit bunches produced at a temperature of 400 oC with a concentration of up to 2% does not cause phytotoxicity in banana seedlings. 
Phytotoxicity can be caused by relatively high phenol levels in the liquid smoke solution. In liquid smoke at a temperature of 400 oC, a concentration of 3%, the phenol content is 0.043% (TWLS), 0.045% (PWLS), and 0.034% (ABLS). In liquid smoke at 200 oC, a 5% concentration of TWLS phenol content is 0.0048% and ABLS 0.01%, while PWLS is 0.026% (causes medium phytotoxicity). These findings indicate that the safe level of phenol for plant spraying applications is liquid smoke, with a level of <0.02%. If this level is exceeded, phytotoxicity can occur. The research results of Chuah et al. (2016 proved that the pure phenolic type 2,4-Di-Tert-Butylphenol in the amount of 200 ppm or 0.02% caused phytotoxic symptoms of wilting and necrosis. According to Šćepanović et al. (2022), several types of phenol with a concentration of >0.02% are known to have an inhibitory effect on plant growth, such as ferulic, vanillic, p-hydroxybenzoic, p-comeric, and cinnamic acid (Anh et al. 2021).
The results of hydroponic research on cat's whisker plants show that TWLS, PWLS, and ABLS liquid smoke treatment at a concentration of 0.25% can significantly stimulate the growth of cat's whisker plants in terms of increasing plant height, root length, wet weight of biomass compared to the control (without liquid smoke). However, at a concentration of 1%, plant growth tends to slow down, and at ABLS and PWLS concentrations of 2% at temperatures of 200 ⁰C and 400 ⁰C, the plants die (except in the TWLS 200 ⁰C treatment, the plants can continue growing). This study's results also revealed that using liquid smoke at a temperature of 400 ⁰C with a high concentration caused plant height growth to tend to be lower than the control. This condition is caused by the phenol content, which is still relatively high in the 2% liquid smoke solution, especially at a temperature of 400 ⁰C, namely 0.028% (TWLS), 0.029 (PWLS), and 0.022% (ABLS). Likewise with the levels of acetic acid, namely, 0.265% (TWLS), 0.263% (PWLS), and 0.276% (ABLS) (Table 3). Several studies have revealed that high phenol concentrations can be used as herbicides (Li et al. 2015; Aguirre et al. 2020; Anh et al. 2021). The results of research by Aguirre et al. (2020) show that spraying liquid smoke with concentrations of 25, 50, 75, and 100% effectively kills weeds. A high concentration of liquid smoke will also contain high amounts of phenol, which can inhibit growth and cause the death of plants. Dilution of liquid smoke at low concentrations has been proven to be a growth stimulus, allowing the chemical content of liquid smoke to become a plant growth stimulant.
These results indicate that there is a range of phenol and acetic acid levels that influence the nutrient uptake of cat's whisker plants. Phenol levels between 0.00024% to 0.002% and acetic acid levels between 0.005% to 0.023% were safe for plants and can even be growth stimulants. This research is no different from research on the effects of allelochemicals from plant extracts, where high concentrations of extracts can inhibit seed germination and plant seedling growth, but at lower concentrations, allelochemicals can stimulate germination and growth of plant seeds (Cheema et al. 2013; Cheng and Cheng, 2015; Grbović et al. 2019).

The sinensetin content of the ABLS 200 ⁰C (0.25%) treatment in this study were higher than the sinensetin of cat's whiskers from Sumbersari and Krasaan Distric, East Java Indonesia, grown on agricultural land, namely 0.15 and 0.13 mg/g respectively (Febjislami et al. 2019). Sinensetin is a polymethoxylated flavonoid that has been proven to have strong anticancer activity and various other pharmacological benefits such as antimicrobial, anti-inflammatory, antioxidant, anti-obesity, antidementia and has vasorelaxant effects (Hossain and Ismail 2016; Jie et al. 2021).
The increase in plant growth is also thought to be influenced by the presence of lactone derivative compounds in liquid smoke, such as corylon and gamma-butyrolactone (dihydro-2(3H)-Furanone). According to Yonghao et al. (2020), the gamma-butyrolactone compound can function as a growth regulator for plant root and shoot growth. At low concentrations (<50 μg mL-1), it can function as a growth promoter, but at high concentrations (>200 μg mL-1) it becomes a plant growth inhibitor. Growth regulators can regulate protein, nucleic acid, and enzyme synthesis in plants, as well as plant growth stages, such as germination, stimulating rooting, cell elongation, flowering, fertilization, leaf fall, and dormancy. 
CONCLUSION

This research shows that pyrolysis temperature and liquid smoke concentration have varying influences on the growth of cat's whiskers using a hydroponic wick system. Treatment with TWLS, PWLS, and ABLS liquid smoke at a temperature of 200 ⁰C with a concentration of 0.25% significantly increased the growth of cat's whisker plants compared to the control. Bamboo liquid smoke treatment with a temperature of 200 ⁰C, 0.25%, gave the highest increase in total biomass weight compared to other treatments and produced the highest sinensetin content, i.e., 0.293 mg/g. 
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Table 1. Evaluation of liquid smoke for its phytotoxicity effect on cat whiskers plant

	Sample
	Temp.

(℃)
	Dosage

	
	
	0,25%
	0,50%
	1%
	2%
	3%
	5%
	7%

	TWLS
	200
	0
	0
	0
	0
	0
	0 
	3,8

	
	400
	0
	0
	0
	0,6
	1,6 
	3
	5

	PWLS

	200
	0
	0
	0
	0
	0.8  
	4
	4,2

	
	400
	0
	0
	0
	0,8 
	3  
	4,8
	5

	ABLS
	200
	0
	0
	0
	0
	0
	1
	3,2

	
	400
	0
	0
	0
	0,6 
	1,8 
	4,2
	4,8


Remarks: The data were the means of five replications TWLS: teak wood liquid smoke,
  PWLS: pine wood liquid smoke, ABLS: Andong bamboo liquid smoke
	Table 2. Results of measurements of cat's whisker plants on several types of raw materials, temperature, and concentration


	Liquid smoke

	Concentration
(%)
	Leaf weight (g)
	Stem weight (g)
	Root weight (g)
	Total biomass
weight (g)
	Plant height (cm)
	Root length (cm)
	Stem diameter (mm)
	Sinensetin value (mg/g)

	TWLS
	200
	0.25
	14.43±11.63 ef
	10.56±8.88 f
	5.56±3.11 fg
	29.03±23.86 fg
	32.8±8.45 f
	36.26±5.19 h
	2.1±0.55 e
	0,211±0,009

	
	
	0.5
	10.45±7.35 de
	7.04±5.1 def
	2.04±0.89 abcd
	17.93±12.6def
	30.98±9.69 ef
	24.8±13.44 g
	1.6±0.55 cde
	-

	
	
	1
	9.5± 4.54 cde
	5.67±2.48 cde
	2.630±1.35 bcd
	16.07±7.43 cde
	20.2±7.89 cd
	22.82±17.86 fg
	1.6±0.55 cde
	-

	
	
	2
	8.92±6.02 bcde
	5.42± 3.53 cde
	3.4±cdef
	15.91±10.76 cde
	27.58±  13.5 def
	16.0±3.59  ef
	1.44±0.81 bcde
	-

	
	400
	0.25
	8.06±4.73 bcde
	4.39±3.12 bcde
	4.57±2.08 def
	16.09±9.91 cde
	23.9±11.48 cdef
	7.74±2.69 abcd
	1.2±0.45 bcd
	0,175±0,006

	
	
	0.5
	5.00±2.62 abcd
	2.31±1.07abc
	2.96±2.37 bcde
	9.32 ±5.35 abcde
	19.44±8.31 cd
	8.2±2.84 abcd
	1.04±0.64 bcd
	-

	
	
	1
	3.01±2.9 abcd
	1.82±1.72 abc
	2.71±2.29 bcd
	5.89±5.05 abcde
	8.4±8.15 ab
	0.94±0.96 ab
	0.8±0.84  bcd
	-

	
	
	2
	* a**
	* a
	*a
	*a
	*a
	*a
	*a
	-

	PWLS
	200
	0.25
	7.58±3.93 bcd
	4.95±2.56 bcde
	3.70±2.40 cdef
	14.45±8.80  cde
	23.66±6.17 cdef
	15.80±2.31 ef
	1.6±0.55 cde
	0,135±0,006

	
	
	0.5
	5.19±2.42 abcd
	3.20±1.43 abcd
	2.22±1.47 abcd
	8.81±4.47 abcde
	21.98±4.0 cde
	8.86±5.57 bcde
	1.26±0.73  bcd
	-

	
	
	1
	3.16±0.55 abc
	1.79±0.55 abc
	0.46±0.12 abcd
	4.03±1.76 abc
	8.6±. 6.99ab
	2.1±1.71 ab
	0.86±0.77 bc
	-

	
	
	2
	*a
	*a
	*a
	*a
	*a
	*a
	*a
	-

	
	400
	0.25
	8.82±1.51 bcde
	4.81±0.26 bcde
	2.64±1.26 abcd
	13.26±3.53 abcde
	23.0±5.86 cdef
	12.1±4.47 cde
	1.6±0.55 cde
	0,091±0,007

	
	
	0.5
	6.44±3.67 abcd
	3.02±1.63 abcd
	2.85±1.68 bcd
	10.79±6.48 abcde
	19.7±1.79 cd
	4.46±1.50 abc
	1.6±0.55 cde
	-

	
	
	1
	2.31±0.96 ab
	2.25±1.30 abc
	0.68±.34 ab
	3.48±0.37 abc
	8.6±3.78 ab
	1±0.71 ab
	0.72± ab
	-

	
	
	2
	* a
	* a
	
	*a
	*a
	*a
	*a
	-

	ABLS
	200
	0.25
	17.71±6.29 f
	8.40±2.74 ef
	6.97±2.20 g
	32.16±10.59 bcde
	42.14 ±6.13 g
	26.48±3.35 g
	1.6±0.55 cde
	0,293±0,004

	
	
	0.5
	10.62±5.99 de
	5.72±5.55 cde
	5.46±4.98 efg
	20.19±15.51ef
	28.08 ± 6.70 def
	13.60±3.02 de
	1.6± 0.55 bcde
	-

	
	
	1
	3.14±2.76 abc
	2.15±0.91 abc
	1.32±0.93 abc
	5.40±4.83 abcd
	23.3±16.95 cdef
	12.8±5.08 de
	1.4±0.55 cde
	-

	
	
	2
	* a
	*a
	*a
	*a
	* a
	*a
	*a
	-

	
	400
	0.25
	9.76±3.32 cde
	4.97±2.00 bcde
	4.11±0.90 def
	17.84±6.09 def
	32.30±8.63 ef
	11.24±4.11 cde
	1.6± 0.55 cde
	0,210±0,009

	
	
	0.5
	7.71±0.95 bcde
	4.25±1.26 abcde
	2.75±0.51 bcd
	13.77±2.64  bcde
	14.2±3.65 bc
	8.1±4.79 abcd
	1.6±0.55 cde
	-

	
	
	1
	0.78±0.17 a
	0.78±0.42 ab
	0.45±0.26 ab
	1.27± 0.64 ab
	7.0±4.37 ab
	1.6±1.56 ab
	0.84±0.36   bc
	-

	
	
	2
	* a
	*a
	*a
	*a
	*a
	*a
	*a
	-

	Control
	
	
	7.17±3.49 bcdef
	4.68±1.66 bcde
	2.75±1.29 bcd
	12.96±abcde
	23.3± 4.3 cdef
	20.4±9.18 ef
	1.18±0.18 bcd
	0,172±0,004

	Remarks: * plant dead, ** Means followed by the same letter in the column do not differ by Duncan test (p < 0.05)
	


Table 3. Phenol and acetic acid levels of liquid smoke dilution
	Sample
	
	Temp

oC
	Crude*
	0.25%
	0.5%
	1%
	2%
	3%
	5%
	7%

	TWLS
	Phenol
	200
	0.10±0.07
	0.00024**
	0.0005
	0.0009
	0.002
	0.0029
	0.0048
	0.0066

	
	
	400
	1.40±0.17
	0.0035
	0.007
	0.01
	0.028
	0.043
	0.07
	0.098

	
	Acetat
	200
	1.92±0.99
	0.005
	0.0098
	0.019
	0.023
	0.058
	0.095
	0.13

	
	
	400
	13.26±0.46
	0.033
	0.066
	0.132
	0.265
	0.403
	0.663
	0.93

	PWLS
	Phenol
	200
	0.52±0.06
	0.0013
	0.0026
	0.0052
	0.01
	0.02
	0.026
	0.036

	
	
	400
	1.48±0.12
	0.0037
	0.0074
	0.015
	0.03
	0.045
	0.074
	0.10

	
	Acetat
	200
	8.02±0,99
	0.019
	0.04
	0.08
	0.161
	0.242
	0.40
	0.56

	
	
	400
	13.46±0.19
	0.032
	0.066
	0.132
	0.263
	0.398
	0.6577
	0.92

	ABLS
	Phenol
	200
	0.20±0.02
	0.00051
	0.001
	0.002
	0.004
	0.006
	0.01
	0.014

	
	
	400
	1.11±0.01
	0.0028
	0.0055
	0.011
	0.022
	0.034
	0.055
	0.077

	
	Acetat
	200
	4.90±0.52
	0.012
	0.024
	0.05
	0.071
	0.148
	0.244
	0.342

	
	
	400
	13.81±0.31
	0.035
	0.069
	0.138
	0.276
	0.4185
	0.691
	0.965


Remarks: * Wibowo et al. (2023), ** average of three repetitions 
Tabel 4. Results of cat's whisker leaf nutrient measurements
	Leaf samples
	Nutrient

	
	N 

(%)
	P

ppm
	K 

ppm
	Ca 

ppm
	Mg

ppm

	  Control
	0.51
	702.03
	2808.14
	61.84
	1546.00

	  TWLS 200 ℃ (0.25%) 
	0.71
	755.61
	2946.88
	62.08
	2130.00

	  PWLS 200 ℃ (0.25%) 
	0.62
	712.25
	2816.13
	63.49
	1897.62

	  ABLS 200 ℃ (0.25%) 
	0.81
	757.12
	3300.50
	66.40
	2619.90

	  TWLS 400 ℃ (1%) 
	0.44
	569.29
	2565.96
	48.15
	1555.66

	  PWLS 400 ℃ (1%) 
	0.40
	525.39
	2524.01
	42.84
	1389.06

	  ABLS 400 ℃ (1%) 
	0.33
	302.09
	1686.56
	42.27
	1459.28


