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Abstract 

 
Vegetable oils were widely used for food production at different levels: domestic, commercial or industrial. Due to the 

improper discharge of its remainings in the sewage system, they becom potentially polluting for water resources and can 

cause many problems to wastewater treatment plants operation, provoking efficiency loss and increasing operational 

costs. The objective of this work was to evaluate the impact of four vegetable oils (soy, corn, canola and sunflower) on 

germination and development of lettuce seeds (Lactuca sativa L.). The experimental design had 7 treatments for the test 

group (oils) and 1 control group. The control group was composed of 4 mL deionized water. At the end of 120 h (5 days), 

the following parameters were evaluated: number of germinated seeds and length of rootlets. It was verified a negative 

effect on the germination rate and root growth as a function of the increase of the doses. Starting the dose with 0.1 mL of 

oil, was observed inhibition in rate of germination and root growth.  All the oils studied were equally impacting to the 

parameters of seed germination and root growth of lettuce seeds. 
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1. Introduction 

Vegetable oils are widely used for food production at different levels: domestic, 

commercial or industrial. The estimated production of vegetable oil, in Brazil, is three billion liters 

per year. Only 2.5% of cooking oil waste is recycled. The remaining is improperly discharge in 
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the sewage system, becoming potentially polluting for water resources and can cause many 

problems to wastewater treatment plants operation, provoking efficiency loss and increasing 

operational costs. (RABELO and FERREIRA, 2008; SABESP, 2011; ABIOVE, 2016). 

According to Technical Standard NBR 10.004 Solid waste - Classification (ABNT, 2004), 

this waste is classified as: Class II A, Not Hazardous – Not Inert. 

In Brazil, waste management, such as cooking oil waste  should follow the solid waste 

national policy - PNRS (Brazil, 2010), which does not allow its discharge into sewage pipe. 

However, there is no consensus about the appropriate environmental way for its disposal. The 

most accepted guidance is to put the oil in an enclosed container, such as a plastic bottle, to 

discard it in the municipal solid waste service to be landfilled. The disadvantage of this procedure 

is the possibility of a container leakage and a consequent environmental contamination (RABELO 

and FERREIRA, 2008). 

Another possible source for environmental contamination comes from the fact that this 

type of waste can be its use as a chemical products emulsifier to spray over crops. The addition 

of small amounts of vegetable oils as an emulsifying agent in the spraying liquor of some crops 

favors the spread and absorption of herbicides (MENDONÇA et al., 2007). More recently, its use 

for petroleum contaminated soils remediation presented at  GONG et al. (2005a and 2005b), 

showed that the addition of vegetable oil in contaminated sandy facilitates the degradation of 

more than 90% of petroleum hydrocarbons. 

Tamada et al (2012) studied the bioremediation of sandy soils contaminated with 

vegetable oil (virgin and used) and with biodiesel. Toxicological tests (germination with lettuce 

seeds and avoidance test using earthworms) performed with contaminated soil samples at 

different treatment periods: t = zero, 60, 120 and 180 days. Soils contaminated with biodiesel 

presented 50% germination inhibition at time zero and in other treatment periods. For the 

remaining oils, the germination inhibition increased over time, for virgin and residual vegetable 

oil (20% to 12%) in 60 days, (32% to 13%) in 120 days, (40% to 65%) in 180 days, respectively. The 

germination inhibition caused by vegetable oils was attributed to the formation of toxic 

secondary compounds. On the other hand, in the tests with terrestrial organisms was not 

observed earthworm death. However, they showed weight gain in soils contaminated with 

vegetable oils, demonstrating that the vegetable oil and its degradation products were not toxic 

to them. The objective of this work was to evaluate the impact of four vegetable oils (soy, corn, 

canola and sunflower) on the germination and development of lettuce seeds (Lactuca sativa L.). 

 

2. Materials and methods 

2.1 Vegetable oils 

Were purchased Four bottles of 1000 mL of virgin vegetable oils (soy, corn, canola and 

sunflower) of the Lisa® brand, of the same of production batch and validity up to 12.11.17. 

 

2.2 Seed sampling  

 

To perform the tests were used lettuce seeds (Lactuca sativa L.). The seeds were from ISLA 

PAK® with 99.7% purity, 85% germination and validity until July / 18, directly, without any 

previous procedure.  

 

2.2.1 Phitototixicity test  

 

Toxicity tests about radicle germination and development using lettuce seeds (Lactuca 

sativa L.) were performed to evaluate both, the lethal inhibition effects on seed germination and 

the sub lethal effects on radicle development (SOBRERO and RONCO, 2004 and OECD, 2003).  
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The experimental design had 7 treatments for the test group (oils) and 1 control group. 

The control group was composed of 4 mL deionized water. The treatments for the test group 

were: 0,1 mL oil + 3,99 mL of deionized water, 0,4 mL oil + 3,6 mL deionized water, 0,7 mL oil + 

3,3 mL deionized water, 1 mL oil + 3 mL deionized water, 2 mL oil + 2 mL deionized water, 3 mL 

oil + 1 mL deionized water e 10 mL only oil (without added water). This procedure was used for 

the all oils (oil + water). For all treatments, had three replicates.  

Additionally, twenty seeds of lettuce were placed in a Petri dish of 9.5 cm in diameter 

and moistened with the solution prepared according to established treatments, having as 

substrate a qualitative filter paper (porosity 14 μm). The Petri dishes were conditioned in a BOD 

incubator with photoperiod (CIENLAB and model CE-300/350-F) at a temperature of 25 ± 2ºC for 

12 h light / 12 h dark.  

 

2.2.2 Phytomass assessment 

 

At the end of 120 h (5 days), the following parameters were evaluated: number of 

germinated seeds and length of rootlets.  

In order to determine the sublethal effects, it was sought to identify the concentration of 

unobserved effect (NOEC) which corresponds to the highest concentration / dose of toxic agent 

that does not cause deleterious effect statistically significant in the organisms in the time and in 

the conditions of the test; and the observed effect concentration (LOEC), which corresponds to 

the lowest concentration / dose of toxic agent that causes statistically significant deleterious 

effects on organisms at the time of exposure and the test conditions (RONCO, BAEZ and 

GRANADOS, 2004). The determination of NOEC and LOEC were carried out from the 

comparison between the means of the root length. 

 

2.3 Statistical analysis 

 

The germination tests measurements and the length of rootlets were analyzed using a 

graduated ruler and a digital caliper. After these measurements, the parameters averages were 

calculated and Tukey's test used to evaluate the significance at 0.05 (5% probability) among them 

(COSTA NETO, 1977; MILLER; MILLER, 1993). 

All calculations and graphs presented in this work were performed by BioEstat 5.0 and 

SigmaPlot 12.5 software. 

 

3. Results and Discussion 

The average values of the germination percentage as a function of the different treatments 

with vegetable oils are shown in Figure 1. The control group presented 97% germination. It was 

verified that from the lowest dosage administered (0.1 mL) there was an inhibition in the 

germination of 10% for both oils. To treatment with 0.4 mL the inhibition was of the 14% (soy and 

corn) and 12% (canola and sunflower). The percentage of inhibition for treatment  with 0.7 mL 

was 28% (soy and corn), and 19% (canola and sunflower). To the 1 mL of the soy and corn (50% 

inhibition) and 44% the inhibition on germination for canola and sunflower. The same inhibitory 

behavior was observed for the other treatments (2 and 3 mL). For the treatment with 10 mL the 

germination rate was zero. The p-value found for the treatments was 0.0001. Significant 

differences were observed between the control group and the Tukey test (p <0.05). The quadratic 

regression describes a decreasing behavior for the germination response in relation to the 

different treatments with oils. 
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Figure 1. Evaluation of the percentage of germination of lettuce seeds (Lactuca sativa L.) contaminated with different 

dosages of the vegetable oil of soy, corn, colsa and sunflower. Means followed by the same lowercase letter do not differ 

statistically from each other by Tukey test (p<0.05). 

According to Beweley and Black (1994), the germinated seeds percentage is regulated by 

internal seeds balance factors and external environmental factors, such as, light, humidity, 

temperature and oxygen concentration. Moreover, oily substances tend to wrap the seeds with a 

film, thus forming a physical barrier, preventing water and oxygen transfer, as well as stopping 

nutrients absorption and gas exchanges (VAUHKONEN et al., 2008; VWIOKO and FASHEMI, 

2005 and NJOKU et al., 2009). In this study, the dosage above 0,7 mL for the all oils caused a 

percentage of germination below 80%. That´s should have been enough to wrap the seeds, 

making difficult to exchange gas. 

Thode-Filho et al. (2017) evaluated the effect of waste vegetable oil on germination of 

lettuce seeds (Lactuca sativa L.) and verified that from 0.1 mL the germination percentage was 

lower than 88%. These results corroborate how the present study. 

The average values of the radicle length in function of the different treatments with 

vegetable oils are shown in Figure 2. As oils dosage was increased, the radicle growth inhibition 

increases (graphic 2). At 0.1 mL dosage, the inhibition was 23% (soy) and 20% (corn, canola and 

sunflower). At 0.4 mL dosage, the inhibition was 32% (soy and sunflower) and 35% (corn and 

canola). The treatment with 0.7 mL dosage presented the worst performance for sunflower oil 

(42% of inhibition). From 1 mL all doses showed inhibition of growth of 70%. For the treatment 

with 10 mL the radicle length rate was zero. The p-value found for the treatments was 0.0003. 

Significant differences were observed between the control group and the Tukey test (p <0.05). The 

quadratic regression describes a decreasing behavior for the radicle length response in relation to 

the different treatments with oils. 
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Figure  2. Evaluation of the radicle length of lettuce seeds (Lactuca sativa L.) contaminated with different dosages of the 

vegetable oil of soy, corn, colsa and sunflower. Means followed by the same lowercase letter do not differ statistically 

from each other by Tukey test (p<0.05). 

Was observed that the radicle growth was more sensitive to oils than the germination. 

The evaluation of oils effect on root elongation may reflect compounds toxicity even at very low 

concentrations (SOBRERO e RONCO, 2004; TAMADA et al., 2012), which are not sufficient to 

inhibit germination but may delay or inhibit the root elongation process depending on this 

compounds mode and site of action. In this study, the very low solubility of oils in water showed 

to be sufficient to cause root elongation inhibition. 

Harmful effects were observed for seed germination and radicular length from the lowest 

dosage administered for all the oils under study. Therefore, the LOEC was determined with 0.1 

mL. It was not possible to identify NOEC because the lowest dose was able to promote subtly 

perceptible effects by inhibiting the development of the radicle. 

 

4. Conclusion 

 The vegetable oils are classified as a not hazardous, not inert residue. However, its final 

destination should employ some special measures of collection and protection of the 

environment. It was verified a negative effect on the germination rate and root growth as a 

function of the increase of the doses. Starting the dose with 0.1 mL of oil, was observed inhibition 

in rate of germination and root growth. All the oils studied were equally impacting to the 

parameters of seed germination and root growth of lettuce seeds. 
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