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ABSTRACT 
Tomato known as Mediterranean diet is the second most consumed vegetable next to potato. 
About 10-40% of the total tomato processed for tomato products are as skins and seeds which 
are used for animal feed. There is a great demand for bioactive compounds such as carotenoids, 
sterols, tocopherols, fatty acids, polyphenols owing to their many health benefits. Hence, there is 
a  great interest in researchers to  extract value added products from tomato wastes. The solvents 
used in conventional extraction for recovering carotenoids are  hexane, dichloromethane, ethyl 
acetate etc. For better yield of bioactive compounds a mixture of polar and non polar solvents in 
definite proportion are often used. The  emerging (green)  technologies used to recover 
carotenoids from tomato wastes are supercritical fluid extraction, ultrasound assisted, 
pressurized solvent/liquid extraction are presented. Also, the application of emerging processes  
for the recovery of bioactive compounds such as sterols, tocopherols, fatty acids, polyphenols 
from oils of tomato seeds are discussed. A comparison between conventional process and 
emerging technologies has been made.   
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INTRODUCTION 
Tomato is the second most important vegetable 
crop next to potato1. Carotenoids are of 
importance owing to many health benefits such 
as immune enhancement, prevention or reused 
risk of cardiovascular diseases and cancer. 
Tomatoes are a rich source of nutritional 
compounds and key antioxidant compounds 
such as lycopene, vitamin C, vitamin E,  
polyphenols and non lycopene carotenoids2. 
Because of increase in cost of manufacturing 
processes, low or no environmental pollution 
rules from government there has been 
emphasis on recycling and/or reuse of wastes. 
The conventional solvents used in extraction 
for recovering carotenoids are  hexane, 
acetone, dichloromethane, ethyl acetate etc. 
After extraction the traces of solvents left over 
are toxic to humans  and disposal or recovery 
solvents for reuse are the main bottlenecks. 
The  green  technologies used to recover 

bioactive compounds such as carotenoids and  
sterols, tocopherols, fatty acids, polyphenols 
are supercritical fluid extraction, ultrasound 
assisted, pressurized solvent/liquid extraction 
are discussed.   

DISCUSSION 
Conventional extraction 
In the conventional solid-liquid extraction, 
solvents used are hexane, ethanol, methanol, 
tetrahydrofuran, dichloromethane. The parame-
ters studied during extraction are solid (tomato 
skins) to solvent ratio, type of solvent, 
temperature and time of extraction3,4.  The 
authors found that a mixture of ethyl acetate 
(polar solvent) and hexane (non polar solvent) 
gave highest yield of carotenoids. Al-Wanndawi 
et al.5 reported extraction of 27% lipids from 
tomato seeds using hexane as solvent. They also 
reported high protein content (40%) in tomato 
seeds and lycopene content of 12 mg per 100g in 
wet tomato skins. Periago et al.6  reported the use 
of mixture of solvents (hexane-acetone, hexane-*Author for correspondence 
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methanol, hexane-ethanol) for better extraction 
of carotenoids from tomato products (raw 
tomato, tomato sauce, tomato paste) as compared 
to other solvents. The authors concluded that the 
stability and recovery rates are higher as 
compared to other solvents. Kalogeropoulous et 
al.  analysed the industrial tomato by products 
and concluded that a large number of 
phytochemicals can be reused for formulating 
functional foods. Lavecchi and Zuorro7  have 
reported enzyme assisted extraction (pectinolytic, 
cellulolytic and hemicellulolytic activities) 
followed by treatment with organic solvents 
which yielded 77-98%  lycopene. The only 
solvent extracted lycopene from tomato skins 
yielded 3-30% lycopene. The authors7 concluded 
that the enhanced extraction of lycopene is due to 
the degradation of cell walls using enzymes.  
Emerging technologies 
Supercritical Fluid Extraction (SFE) 
Carotenoids 
SFE uses mainly CO2 as the solvent above its 
critical temperature (31.10C) and critical pressure 
(7.4 mPa) where it has properties of both gas and 
liquid . The solvation power is high due to 
density  of CO2 similar to liquid and its diffusion 
coefficient similar to gases. The parameters 
studied are feed to solvent ratio, particle size, 
concentration of modifier, extraction, pressure, 
time and flow rate. The trans-lycopene is the 
stable isomer and so it is extracted at high 
temperature (800C) as compared to cis-lycopene 
which can be extracted at lower temperature8 
(600C). Temperatures below 55-590C are 
favourable for -carotene extraction9. Pressure 
between 30-40 Mpa is considered optimum for 
extraction of both lycopene and -carotene9. 
Modifier concentration of 10-15% is generally 
added to increase the supercritical extraction 
efficiency using CO2

9.  
Polyphenols 
A modifier usually ethanol is added along with 
supercritical CO2 to create a polar environment 
for extraction. For example, resveratrol from 
grape was extracted using ethanol as cosolvent 
at 350C and 400 bar10. Yields using 
supercritical CO2 was 14-21% more than 
conventional extraction10.  
Ultrasound assisted extraction 
Sonication uses sound waves of frequencies 
higher than 20 kHz where continuous expans-

ion and compression cycles are created thereby 
facilitating effective cell disruption and 
efficient mass transfer. Lianfu and Zelong11 
have made a comparative study of Ultrasound-
Microwave Extraction (UMAE) and 
Ultrasound Assisted Extraction (UAE) alone 
for the extraction of lycopene from tomatoes. 
The parameters studied were solid to solvent 
(ethyl acetate) ratio, temperature and time of 
extraction. The authors reported  yield of 
97.4% by UMAE and 89.4% by UAE thus 
showing UMAE to be best among the two 
methods. Recently, Kumcuoglu et al.12 have 
made a comparative study of  conventional 
solvent extraction and ultrasound assisted 
extraction. Butylated hydroxytoluene and 
hexane -acetone-ethanol were used as solvent 
and parameters studied were solvent to solid 
ratio, temperature and ultrasonic power were 
studied. The authors concluded that ultrasonic 
assisted extraction requires less time, low 
temperature and low solvent content as 
compared to conventional solvent extraction.  
Savatovic et al.13 have reported the extraction 
of polyphenols and flavanoids from tomato 
wastes using  a compartive study of 
homogenizer and ultrasonic bath and the 
solvent used was  ethanol. The authors 
reported that the content of polyphenolics and 
flavanoids extracted was higher in 
homogenizer  as compared to ultrasonic bath. 
Pressurized solvent/liquid extraction 
Carotenoids 
Pressurized solvent extraction uses 100% water 
as solvent that requires less time and low 
quantity of organic solvents as compared to 
conventional solvent extraction. The main 
parameters studied in pressurized solvent/liquid 
extraction are temperature, pressure, flow rate 
and extraction time. Naviglio et al.14 have 
summarized the extraction of high purity (98%) 
lycopene from tomato and yield of 14% w/w 
using water as solvent in a Naviglio extractor (a 
patented process).  
Polyphenols 
Researchers have used ethanol and water 
mixture for the extraction of polyphenols from 
different sources such as red grape pomace, 
onion paste, potato and pomegranate peel. 
Optimum  temperatures between 100-1800C 
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and pressure of 5-13 MPa have been reported 
for polyphenol extraction.   
Bioactive compounds from tomato seeds 
Al-Wandawi et al. have reported 27% lipids 
(oleic and palmatic acid were the chief fatty 
acids) using hexane as solvent for extraction. 
The authors have also reported about 40% 
protein (threonine and lysine as the chief 
aminoacids).  Lazos et al.15 have reported 
unsaturated fatty acids (linolic acids (54%) and 
oleic acid (22%)) and saturated fatty acids 
(palmitic (14%) and stearic (6%)) from seeds 
of tomato using petroleum ether as solvent for 
extraction. The  other components reported are 
sterols ( and  tocopherols, 202-1059 mg/kg) 
and 16% cholesterol.  
Comparsion between conventional process 
and emerging technologies 
In conventional solvent extraction for the 
recovery of bioactive compounds from seeds of 
tomato, soxhlet apparatus is employed. Soxhlet 
extraction is cheap, simple but require large 
amount of solvent with long duration time for 
extraction16. Ultrasound assisted extraction is 
usually carried out in discontinuous mode 
accompanying an increase in temperature and 
pressure. However, its drawbacks are reuse of 
solvent and additional steps of filtration and 
rinsing after extraction involving longer time. 
Many authors16-20 have reported soxhlet 
extraction for better reproducibility of results and 
efficiency as compared to ultrasound assisted 
extraction. The results of accelerated solvent 
extraction and soxhlet extraction are in 
agreement. The advantages of supercritical fluid 
extraction over conventional extraction are time 
reduction, high selectivity of extraction, less 
clean up necessity.21-26 The drawbacks include 
poor ruggedness of SFE extractors of restriction 
and trapping units, use of appropriate modifier 
and cost of SFE unit.27-29 According to Castro 
and Garcia-Ayuso modified soxhlet extraction 
procedures for example, microwave assisted, has 
made  soxhlet extraction advantageous as 
compared to other extraction techniques.  

CONCLUSION 
Traditional solid–liquid extraction methods 
requires large quantity of solvent and are time 
consuming. The huge amount of solvent used 
increases   both    operating   costs    and    causes  

additional environmental problems. In 
conventional extraction method employing solid-
liquid extraction, 3-30% yield has been reported. 
The emerging technologies discussed in this 
article are supercritical fluid extraction and 
ultrasound assisted extraction, pressurized solid-
liquid extraction. Selection of a suitable 
extraction technique depends on the location of 
solute in the source and extraction technique 
used. SFE is one of the efficient extraction 
techniques for extraction of bioactives and 
neutraceuticals. SFE is restricted to nonpolar 
solvents. For the extraction of polar solutes using 
SFE, a considerable amount of polar modifiers 
are added. Initial cost of supercritical fluid 
extractor is high. Efficient cell disruption, 
effective mass transfer, ultrasound intensity used, 
distribution of ultrasound and increase in 
temperature of solute inside the extractor needs 
to be considered before using ultrasound assisted 
extraction. Pressurized solvent extraction has the 
advantage of enhanced target solute specificity 
(polar compound extraction such as phenols) and 
speed of extraction, lower consumption of 
solvents at elevated temperatures. PLE requires 
more research to come up to industrial scale. 
Combination of these extraction techniques 
according to need may produce a desired result 
that needs to be considered before scaling up. 
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