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Abstract 
      Liquid smoke as product of rice hull's pyrolysis is contained high phenolic compound such as 
phenol and guaiacol. These phenolic coumpound have been shown to have anti-inflammatory and 
antioxidant properties. Because of these properties, liquid smoke rice hull has the potential to be 
developed as a medicine. However, the safety of liquid smoke rice hull must be ensured to be used 
as a medicine.  
     The purpose of this study is to analyzed the effects of acute toxicity of liquid smoke rice hull 
sativa) on mice (Mus musculus). 
     Laboratory experiment using 25 experimental mice which divided into 5 groups: control group 
(given aquadest), group 1, 2, 3 and 4 (given liquid smoke with a single dose by 50, 500, 5000, and 
15000 mg/kg body weight orally). Symptoms of toxicity, weight changes, and the number of dead 
animals were noted for 7 days, whereas liver histopathology on the dead and living objects were 
observed after the observation period ended.  
     The LD50 of liquid smoke rice hull >15000mg/kg body weight. No toxicity symptoms were found 
in living animals. Changes in body weight in all groups tended to increase. Histopathology of the 
liver did not show a significant difference between the control group and the liquid smoke group 
(p=0.26).  
      Liquid smoke of rice hull (Oryza sativa) does not have an acute toxicity effect on mice (Mus 
musculus). 
                                                        Experimental article (J Int Dent Med Res 2020; 13(1): 91-96)          
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 Introduction 
 
 Rice (Oryza sativa) is one of the important 
types of food crops, because it is a source of  
staple food in Indonesia.1 The process of rice 
milling into milled rice can produce 63-67%, and 
by-product such as rice hull (the outer shell of 
rice as 15-20%), rice bran (the epidermis which 
produced from the rice hull stripping process as 
8-12%), and groats (part of crushed rice as 
approximately 5%).2 The by-products of the rice 
milling industry are generally not managed 
properly, so they will become a waste and can 
pollute the environment, in fact the by-products 
have useful value if managed properly, one of 
them is rice hull.3 

The main composition of rice hull consists 
of cellulose, hemicellulose, and lignin. These 
ingredients will produce liquid smoke in the 
pyrolysis process. Pyrolysis is a condensation 
process of steam from rice hull combustion 
results at temperatures around 4000C without 
oxygen.4 The chemical components of liquid 
smoke consist of phenol, guaiacol, and acetic 
acid.5,6 Because of these components, liquid 
smoke rice hull has been shown to have 
antioxidant, anti-inflammatory and antimicrobial 
effects. According to Kim et al, liquid smoke rice 
hull has an anti-inflammatory effect. The topical 
application of 1% liquid smoke rice hull for two 
weeks in the ears of mice that has been applied 
by 12-O-Tetradecanolylphorbol-13-acetate (TPA) 
which is an ingredient to induce inflammation 
(edema) can reduce the release of biomarkers 
associated with the TPA-induced inflammation 
such as, tumor necrosis factor-α (TNF-α), 
interleukin-1ß (IL-1ß), interleukin-6 (IL-6), 
prostaglandin E2 (PGE2), leukotriene B4 (LTB4), 
and myeloperoxidase (MPO).5 Liquid smoke has 
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an antioxidant effect, because  phenolic 
compounds consisting of phenol and guaiacol 
have the ability to arrest free radicals by 
providing hydrogen or electron donors and 
prevent oxidative damage to cells.7 In addition, 
liquid smoke also has an antimicrobial effect 
because of acetic acid which is used as a 
processed meat preservative.8 Based on the 
effects of liquid smoke rice hull as an antioxidant, 
anti-inflammatory, and antimicrobial, liquid smoke 
rice hull has the potential to be developed as a 
medicine. 

The use of natural ingredients as 
traditional medicine in Indonesia have been used 
for cross generations in the health care system.9 
Liquid smoke has long been used by  Indonesian 
ancestors to treat skin disease caused by fungi, 
viruses, and bacteria by applying it to the 
affected area.10 Liquid smoke is also a traditional 
medicine used as an alternative topical agent for 
burn wound healing.11 The use of natural 
ingredients as traditional medicine in society is 
increasingly widespread, so that research is 
needed in order to its use in accordance with the 
rules of health service and it must be 
accountable scientifically for the quality, safety, 
and efficacy of traditional medicine.12 

The paradigm that develops in society 
today is that medicines derived from natural 
ingredients are harmless and have no side 
effects. This assumption is not entirely true. Each 
ingredient has the potential to be toxic, depends 
on how much the dose in the body.13 So, the 
traditional medicine needs to be ensured of its 
safety, where acute toxicity test is the main test 
that must be done.14 Acute toxicity test is a test to 
get the LD50 value. Determination of LD50 is the 
initial stage to determine the level of toxicity of 
liquid smoke rice hull. Therefore, this study aims 
to determine the LD50 of liquid smoke rice hull 
which then will be used to determine the safety of 
the dose. 

 
Materials and methods 
 
The protocol of this research was 

evaluated and approved by Ethics Committee for 
Health Research, Faculty of Dental Medicine, 
Universitas Airlangga Surabaya with registration 
number 285 / HRECC.  FODM / X / 2018. 

This research is a laboratory experimental 
with post-test only control group design. 
Experimental animals used were healthy male 

mice (Mus musculus) in the age of 5-6 weeks 
with the weight of 20-30 grams. Those animals 
were obtained from Veterinaria Farma Center 
(PUSVETMA), Surabaya. Liquid smoke rice hull 
(Oryza sativa) was obtained through pyrolysis 
process. Pyrolysis is a condensation process of 
steam from rice hull combustion results at 
temperatures around 4000C without oxygen. 
Liquid smoke rice hull was made in Forest 
Products Research and Development Center 
Laboratory, Bogor. 

Mice that will be used were acclimatized 
for 7 days with the aim of adapting experimental 
animals to the new environment. Mice used as 
experiment were divided into 5 groups; each 
group consisted of 5 mice. Control group was 
given aquadest, and group 1, 2, 3 and 4 were 
orally administered a single dose of liquid smoke 
rice hull at 50, 500, 5000, 15000 mg/kg body 
weight.  

Experimental animals were observed 
individually at least in the first 4 hours after 
administration of the substance test and the next 
observation was carried out once every day for 7 
days. The things observed in the observation 
period were: mortality of experimental animals, 
signs of toxicity (the condition of skin and fur, 
eyes, lethargy, convulsions, tremors, and 
diarrhea), and weight.15 At the end of the study, 
survival animals were weighed and then 
sacrificed. Observations were made on 
histopathology liver organs using a light 
microscope with a magnification of 400x. Each 
preparation was observed through five different 
views. Scoring was done using parameter scores 
of liver tissue damage according to Table 1.16 
The LD50 value was obtained from the number of 
mice deaths using the Probit-graph method. 
Histopathology of mice liver data were analyzed 
using the Kruskal-Wallis test. 

 
 

 
Table 1. Parameter scores of liver tissue 
damage16 
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Results 
 

The results of observations on the 
mortality of the animals after administration of the 
substance test and continued for 7 day showed 
the highest dose which is 15000 mg/kg body 
weight causing the death of 1 mice with a 
percentage of 20% (less than 50%), so it can be 
interpreted that the LD50 value is greater from 
15000 mg/kg body weight and is categorized as 
a relatively harmless material. 

Observation of mice body weight after 
administration of the substance test for 7 day, 
showed that the average body weight in the 
control group until treatment group 4 tended to 
increase. Changes in body weight in the 
treatment group did not show drastic weight loss 
when compared with control group (Figure 1). 

 

 
Figure 1. Changes in mice body weight after 
administration of the substance test for 7 days 
observation. 

Observation symptoms of toxicity that 
occur in experimental animals was observed 
once every day for 7 days with special 
observations in the first 4 hours after 
administration of the substance test. Observation 
symptoms of toxicity include skin and fur, eyes, 
lethargy, convulsions, tremors, and diarrhea. 
Administration of liquid smoke up to dose of 5000 
mg/kg body weight result no symptoms of toxicity 
were found. Meanwhile, in one mice, the 
administration of liquid smoke dose of 15000 
mg/kg body weight was found symptom of 
toxicity in the form of decreased motor activity 
and death after administration of the substance 
test. This symptom occurs in death mice, but 
does not occur in living mice (Tablev2). 

The results of mice liver histopathological 
observations in the acute toxicity test revealed 
that there was some damage that occurred in the 

liver of mice on the control group and the 
treatment group. From all the data there were no 
significant differences of liver tissue damage 
between control group and all groups (p=0.26) 
(Table 3). 

 

 
Table 2. Result the observation symptoms of 
toxicity. 
C: Control groups 
G1: Group administered with 50 mg/kg body weight 
G2: Group administered with 500 mg/kg body weight 
G3: Group administered with 5000 mg/kg body weight 
G4: Group administered with 15000 mg/kg body weight 
N: Normal 
-: not found 
 

 
Table 3. Data histopathology mice liver. 

 
Histopathology result of mice liver 

observations are presented in Figure 2. 
Histopathology features mice liver in the control 
group (aquadest) showed normal conditions of 
liver structure. The visible area in the circle 
shows normal hepatocyte cells, which are round 
or oval cell forms with the nucleus in the middle 
of the cell. Central veins and sinusoidal are 
normal (Figure 2.A). Histopathology of mice liver 
in group 1 (dose 50 mg/kg body weight), the area 
in dark circles showed normal hepatocyte cells, 
which is round or oval cell forms with the nucleus 
in the middle of the cell and homogeneous 
cytoplasm. The area in the red circle shows that 
the hepatocyte cells degenerate, there is swelling 
in the hepatocyte cells, the cytoplasm appears 
pale. Normal central vein and sinusoid narrowing 
(Figure 2.B). Histopathology of mice liver in 
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group 2 (dose 500 mg/kg body weight), the area 
in red circle shows that the hepatocyte cells 
degenerate, which is seen as cell swelling, pale 
cytoplasm and vacuoles (empty spaces). The 
central vein is dilated and sinusoid is dilated 
(Figure 2.C). Histopathology of mice liver in 
group 3 (dose 5000 mg/kg body weight), the area 
in red circle showed that the hepatocyte cells 
degenerated, namely cell swelling, pale 
cytoplasm and vacuoles (empty spaces). The 
central vein is normal, but sinusoids are 
narrowed (Figure 2.D). Histopathology of mice 
liver in group 4 (dose 15000 mg/kg body weight) 
seen in the red circle shows that hepatocyte cells 
degenerate, namely cell swelling, pale cytoplasm 
and vacuoles (empty spaces). Central veins are 
widening. Sinusoid is narrowed (Figure 2.E). 

 

 
Figure 2. Histopathological picture of mice liver 
with HE staining. Magnification of 400x. (A) 
control group, (B) 50 mg/kg body weight, (C) 500 
mg/kg body weight (D) 5000 mg/kg body weight 
and (E) 15000 mg/kg body weight. Explanation: 
1= central vein, 2 = sinusoid, O = normal 
hepatocytes, O = hepatocytes degenerate. 

 
Histopathology result of mice liver 

observations are presented in Figure 2. 
Histopathology features mice liver in the control 
group (aquadest) showed normal conditions of 
liver structure. The visible area in the circle 
shows normal hepatocyte cells, which are round 
or oval cell forms with the nucleus in the middle 
of the cell. Central veins and sinusoidal are 
normal (Figure 2.A). Histopathology of mice liver 
in group 1 (dose 50 mg/kg body weight), the area 
in dark circles showed normal hepatocyte cells, 
which is round or oval cell forms with the nucleus 
in the middle of the cell and homogeneous 
cytoplasm. The area in the red circle shows that 

the hepatocyte cells degenerate, there is swelling 
in the hepatocyte cells, the cytoplasm appears 
pale. Normal central vein and sinusoid narrowing 
(Figure 2.B). Histopathology of mice liver in 
group 2 (dose 500 mg/kg body weight), the area 
in red circle shows that the hepatocyte cells 
degenerate, which is seen as cell swelling, pale 
cytoplasm and vacuoles (empty spaces). The 
central vein is dilated and sinusoid is dilated 
(Figure 2.C). Histopathology of mice liver in 
group 3 (dose 5000 mg/kg body weight), the area 
in red circle showed that the hepatocyte cells 
degenerated, namely cell swelling, pale 
cytoplasm and vacuoles (empty spaces). The 
central vein is normal, but sinusoids are 
narrowed (Figure 2.D). Histopathology of mice 
liver in group 4 (dose 15000 mg/kg body weight) 
seen in the red circle shows that hepatocyte cells 
degenerate, namely cell swelling, pale cytoplasm 
and vacuoles (empty spaces). Central veins are 
widening. Sinusoid is narrowed (Figure 2.E). 
 

Discussion 
 
 Determination of LD50 value was done by 
observing and calculating the number of death 
mice after the substance test administration and 
observations continue every day for 7 days. The 
results showed that at the highest dose of 15000 
mg/kg body weight only caused one death in five 
mice shortly after the substance test 
administration, with a percentage of 20% (less 
than 50%), so that the LD50 value was greater 
than 15000 mg/kg body weight and categorized 
as relatively harmless substance. If acute toxicity 
is low, in the sense that the largest dose causes 
only a small number of deaths (does not fulfill 
50% mortality), it can be assumed that all 
dangerous acute toxicity can be removed and 
LD50 does not need to be determined. The death 
of one mouse may be due to cell injury that 
already exists before treatment. Another 
possibility is that the immune system in dead 
mice is lower than others, so it can increase 
susceptibility to various pathogens that enter the 
body.17 

Toxicity symptoms which appeared were 
observed after the substance test administration 
every day during 7 days. Toxicity symptoms 
observation include observations of the skin and 
fur, eyes, lethargy, convulsions, tremors, and 
diarrhea. The treatment of liquid smoke up to a 
dose of 5000 mg/kg body weight did not reveal 
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any toxicity symptoms. Meanwhile in one mouse 
in the administration of liquid smoke the dose of 
15000 mg/kg body weight showed symptoms of 
toxicity in the form of decreased motor activity 
and even death after dosing. This symptom 
occurs in dead mouse, but does not appear in 
living mice. During the observation of acute 
toxicity tests, body weight was observed 
periodically every day for 7 days. In general, 
changes in body weight in experimental animals 
will illustrate the toxicity that occurs after 
exposure to toxic substances. Drastic weight 
losses when compared to controls are usually a 
sign of toxicity.18 In research, all the groups tend 
to increase of body weight during the 
observation. The increase in body weight of mice 
is in accordance with the age increase of mice 
and adequate feed consumption.19 

As the main organ that metabolizes and 
detoxifies drugs and toxins in the body, the liver 
has the potential to suffer damage due to various 
chemicals. In the group 1 (dose of 50 mg/kg body 
weight) to group 4 (dose of 15000 mg/kg body 
weight) there was a degeneration (cell swelling). 
Cell swelling is caused by an increase in cell 
permeability, where cells are unable to maintain 
ionic and fluid homeostasis resulting in the 
transfer of extracellular fluid into the cell. This 
condition causes K+ ions easily to exit the cell 
and vice versa Ca+, Na+ ions and water easily 
enter the cell and cause swelling. Cell swelling is 
characterized by the presence of vacuoles 
(empty spaces). Cell swelling is the first 
manifestation that occurs in almost all forms of 
cell injury. This degeneration is reversible, 
meaning that if the stimulus that causes injury is 
removed and the cell gets good circulation, the 
cell will return to its original state.20,21 In the 
groups 2 and 4, the central vein was dilated. 
Widening of the central vein is caused by the 
lysis of endothelial cells in the central vein.22

 The damage that occurred in this study is 
probably due to the difference’s responses in 
cellular level adaptation in animals. Cellular level 
adaptation is strongly influenced by immune 
responses and genetic structure in cells.23 
However, in one mice which died after the 
administration of liquid smoke rice hull, it was 
seen to have more severe damage than the other 
groups. This damage is caused by the immune 
system in dead mouse which is lower than other 
mice, thus increasing susceptibility to various 
pathogens that enter the body.24 The results of 

the Kruskal Wallis test for histopathology mice 
liver were sig > 0.05 which means there were no 
significant differences between the control group 
and the liquid smoke group. Even, this result 
showed the liquid smoke relatively harmless 
substance, but in animal model, the liquid smoke 
from other material, such as coconut shell, 
showed benefit effect as analgesic,25 increased 
the fibroblast,11 collagens,26 and increased the 
healing process of oral ulceration.6 For this 
reason we need to confirm the potential of liquid 
smoke rice hull further. 
 

Conclusions 
 
This research showed that the LD50 value 

>15000 mg/kg body weight and categorized as 
relatively harmless substance, there was no 
drastic weight loss in mice, no symptoms of 
toxicity during the observation period, and no 
significant differences in the histopathology of the 
liver organ in the control group with the liquid 
smoke group. Liquid smoke rice hull (Oryza 
sativa) does not have an acute toxicity effect on 
mice up to dose 15000 mg/kg body weight. 
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