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Abstract. This research aimed to determine the chemical composition of
Rawapening, Semarang District, Indonesia water hyacinth and to study the
effect of pyrolysis time on the volume of liquid smoke products. The water
hyacinth was cut into pieces with a size of about 2 cm to 3 cm, and placed
in pyrolisator. A total of 700 g of water hyacinth sample was fed into the
pyrolysis. The product was observed for its content of hemicellulose,
cellulose and lignin. The pyrolysis was carried out at a temperature of
117 °C, 400 °C and 683 °C. The results showed that water hyacinth
contains hemicellulose 36 % d.b, cellulose 21 % d.b and lignin 7 %
d.b which it potential to be a raw material for liquid smoke production. The
effect of temperature was significant on liquid smoke products. It was
proven that the higher the pyrolysis temperature, the greater the liquid
smoke produced. The liquid smoke was obtained for 0.2 mL per 100 g,
12.3 mL per 100 g and 16.3 mL per 100 g dried biomass water hyacinth at
a temperature of 117 °C, 400 °C and 683 °C, respectively.
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1 Introduction
Environmental sustainability around Rawa Pening, Semarang District, Indonesia has
changed due to the density of water hyacinth weeds [Eichhornia crassipes (Mart.) Solms].
The growth of water hyacinth is rapid due to eutrophication. Eutrophication is the presence
of excess nutrients in the form of nitrate and phosphate which are sourced from agricultural
activities, fisheries, settlements, and livestock from the land around the lake. This is the
factor made water hyacinth grew quickly and short time to multiply [1]. To control the
growth water hyacinth is by utilizing in another product i.e. for liquid smoke as it contains
high cellulose.
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The pyrolysis is used for converting this biomass to liquid smoke. Biomass pyrolysis is
usually carried out at temperatures above 150 °C. Pyrolysis is divided into two based on the
level of the process, i.e. primary and secondary. Primary pyrolysis takes place at
temperatures less than 600 °C. The main result is carbon or charcoal. Primary pyrolysis is
further divided into two namely fast and slow primary. Slow primary pyrolysis occurs at
150 °C to 300 °C heating. The results slow primary pyrolysis are carbon, water, carbon
monoxide and carbon dioxide. Rapid primary pyrolysis that occurs at temperatures over
300 °C will produce gas, carbon and steam [2].
Subsequent pyrolysis is pyrolysis that occurs at temperatures above 600 °C and at this
temperature, the result is carbon monoxide, hydrogen, hydrocarbons and tar around 1 % to
6 % [3, 4].
Decomposition reaction of biomass undergoing pyrolysis will produce as much as 50 g
to 70 g of steam. The general reaction is as Formula (1):
Biomass
(100 g)

Steam
+
Gas + Charcoal
+ Water
(1)
(50 g to 70 g) (4 g to 10 g) (10 g to 20 g)
(13 g to 25 g)

The purpose of this study was to determine the chemical composition of Rawapening's
water hyacinth and to study the effect of pyrolysis time on the volume of liquid smoke
products.

2 Materials and methods
2.1 Material
The materials used water hyacinth, distilled water, Phenolphthalein (PP) indicator, 0.1 N
NaOH, 2 % Na2S2O3, follicular ciocalteu, 2,4-dinitrophenyl hydrazine, concentrated HCl,
KOH 1 N.
2.2 Equipment
The experiment was carried in a pyrolysis equipment as shown in Figure 1.

Fig. 1. Pyrolysis processing Stove A), Pyrolysis outlet hole B), Reactor C), Pyrolysis inlet
hole D), Steam outlet E), Condenser F), Statip G), Adapter H), Erlenmeyer I), and Leg J).
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2.2.1 Procedure
The research was conducted through two stages of processing. The first step was the
preparation of water hyacinth for chemical composition analysis in hemicellulose, cellulose
and lignin. Chemical composition analysis used the Chasson Data Method. The second
stage was the pyrolysis to determine the effect of temperature on the volume of liquid
smoke. For the pyrolysis stage, water hyacinth was cut into pieces with a size of about 2 cm
to 3 cm and then put the pyrolysator. Pour as much as 700 g of the dried water hyacinth into
the 316 stainless steel pyrolysis reactor with a length of 360 mm and an internal diameter of
240 mm under atmospheric vacuum. The reactor was heated using a gas stove. Temperature
variations were designed in 117 °C, 400 °C and 683 °C. Furthermore, liquid smoke
generated in the Erlenmeyer after passing through the condenser is accommodated as a
result.

3 Results and discussion
The chemical composition of the water hyacinth Rawa pening, Semarang District,
Indonesia shown in Figure 2 was hemicellulose, cellulose and lignin content as 36 %, 21 %
and 7 % dry weight, respectively. Figure 2 also depicts other materials, i.e. hardwood,
softwood, coconut shell and cassava stems. Lignocellulose as biomass in the pyrolysis turns
into charcoal, liquid smoke and fuel [5]. The chemical composition of water hyacinth has
the highest hemicellulose content, while the smallest lignin when compared to the others
such as softwood, hardwood, coconut shell, and cassava stems, This is inversely
proportional to the coconut shell, where lignin is greater than hemicellulose. Hemicellulose
pyrolysis containing pentosan and hexosan will produce furan and its derivatives and
produce carboxylic acid as well as acetic acid. Pyrolysis of cellulose will produce acetic
acid and homologous, water, furan and phenol. Lignin pyrolysis is an essential factor in
providing smoke odor for smoked products. The resulting compounds are phenols and
phenol esters [6, 7]. These compounds in liquid smoke potentially a preservative.

Fig. 2. Chemical Composition of water hyacinth and several other biomass
The temperature influence on the volume of liquid smoke, that the higher the
temperature, the more liquid smoke produced. In Figure 3 the amount of liquid smoke
produced is 0.2 mL per 100 g, 12.3 mL per 100 g, 6.3 mL per 100 g dried biomass for
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temperature 117 ° C, 400 °C, and 683 °C respectively. Hemicellulose pyrolysis occurs at
temperatures of 200 °C to 250 °C, 280 °C to 320 °C of cellulose pyrolysis and 400 °C for
lignin pyrolysis [8]. So it can be underlined that the pyrolysis of water hyacinth at a
temperature of 117 °C is expected to occur decomposition of hemicellulose compounds.
However, the decomposition of hemicellulose that starting at 200 °C has not been reached
thus resulted less volume. But at 400 °C cellulose and lignin decomposed, resulting more
volume of liquid smoke. According to Utomo et al. at 683 °C pyrolysis produced carbon
monoxide, hydrogen, hydrocarbons and tar [8–10]. Therefore it need further research to
find out the chemical compound content of the liquid smoke produced.

Fig. 3. Effect of Temperature on the volume of liquid smoke produced

4 Conclusion
The conclusion of this research is the effect of temperature was significant on liquid smoke
products. It was proven that the higher the pyrolysis temperature, the greater the liquid
smoke produced. The liquid smoke was obtained for 0.2 mL per 100 g, 12.3 mL per 100 g
and 16.3 mL per 100 g dried biomass water hyacinth at a temperature of 117 °C, 400 °C
and 683 °C, respectively
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