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Lycopene recovery from tomato peel under mild conditions 
assisted by enzymatic pre-treatment and non-ionic surfactants*
Emmanouil H. Papaioannou* and Anastasios J. Karabelas
Laboratory of Natural Resources and Renewable Energies, Chemical Process Engineering Research Institute (CPERI), Centre for Research and 
Technology-Hellas (CERTH), Thessaloniki, Greece

The tomato processing industry generates large quanti-
ties of tomato peel residues, usually creating environ-
mental problems. These residues are a significant source 
of lycopene, thus providing an attractive alternative for 
profitable handling of these otherwise problematic by-
products. The enzymatic pretreatment of these residues 
for lycopene recovery has already been employed, al-
though the use of surfactants for enhancing the recovery 
has not been examined so far. The enzymatic pretreat-
ment of tomato peels, using two commercially avail-
able pectinolytic enzyme preparations, was evaluated 
suggesting that there is an optimum pretreatment time 
of about 1 h, enzyme amount 250 Units/mL and no sig-
nificant pH influence. Lycopene surfactant — assisted ex-
traction was further investigated, showing that, among 
eight surfactants used, the most suitable was “Span 20”, 
with an optimum ratio of 6-7 surfactant molecules per 
lycopene molecule. Sequential enzymatic pretreatment 
and surfactant-assisted extraction (30 min for each step) 
was evaluated leading to an improved lycopene extrac-
tion yield, with a somewhat smaller surfactant molar ra-
tio (i.e. 4–5). In the latter case, the yield of lycopene re-
covery was almost four times greater compared to just 1 
hr enzymatic pretreatment, and was approximately ten 
times greater compared to the recovery from untreated 
peels. Furthermore, such lipophilic compound recovery, 
avoiding the use of organic solvents, is environmentally 
attractive and ensures direct lycopene use in the food 
and cosmetics industries. 
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INTRODUCTION

Million tons of tomatoes are processed yearly to pro-
duce juice, sauces, purees, pastes, and canned tomatoes, 
resulting in large amounts of tomato peel, pulp, and 
seed as industrial waste (called in general tomato pom-
ace). Tomato pomace is currently disposed of or used as 
animal feed, but the abundance of lycopene in the peel 
suggests the possibility of utilizing it as a cheap source 
of lycopene, providing also revenues that could partially 
off-set the cost for further effective management of the 
remaining wastes. However, despite such high lycopene 
content, the extraction technologies used at present do 
not seem to allow its efficient recovery. 

Lycopene (ψ, ψ-carotene) is an acyclic tetraterpenic hy-
drocarbon with 13 carbon–carbon double bonds, 11 of 

which are linearly conjugated, and is responsible for the 
deep red color of ripe tomatoes. Lycopene has attracted 
in recent years considerable attention for its possible role 
in disease prevention (Omoni & Aluko, 2005). The high 
degree of double bond conjugation confers strong anti-
oxidant properties to the molecule, making lycopene one 
of the most potent antioxidants (Di Mascio et al., 1989). 

Commercial lycopene is available as standardized to-
mato extract or from chemical synthesis. Market trends 
indicate a growing demand for the former product, be-
cause of its natural origin and the presence of other phy-
tochemicals, such as β-carotene, phytoene and phytoflu-
ene, which are believed to act synergistically with lyco-
pene (Shixian et al., 2005). Lycopene is in high demand 
by the pharmaceuticals industry as well as by the food, 
and cosmetics industries (Borguini & Torres, 2009). Nat-
ural lycopene is produced today mainly by extraction and 
concentration from whole tomato fruits, that are grown 
specifically for this purpose. The commercially available 
product, however, is very expensive and current produc-
tion from whole tomato fruits is small compared to pro-
jections of future demand. This has prompted the search 
for alternative sources of lycopene and appropriate tech-
nologies for its recovery. Lycopene is found predomi-
nantly in the chromoplast of plant tissues. In tomatoes, 
lycopene biosynthesis increases sharply during the ripen-
ing process, as the chloroplast undergoes transformation 
to chromoplast. 

The peel fraction of tomato waste contains lycopene 
up to five times more than the pulp (on wet basis), but 
its high moisture levels and susceptibility to microbial 
spoilage make the storage and processing of this mate-
rial quite problematic. Lycopene extractability by con-
ventional food-grade organic solvents, such as hexane, 
ethanol and ethyl acetate, is extremely low, at least un-
der the conditions that normally preserve the activity of 
the carotenoid in vivo. Lycopene recovery is achieved by 
pigment extraction from the natural product matrix by 
organic solvents and quantification by using the spec-
trophotometeric or HPLC methods (Olives Barba et al., 
2006; Kaur et al., 2008; Zuorro & Lavecchia, 2010). Low 
extraction efficiencies can be attributed to the difficulty 
of solvent molecules to penetrate the compact tomato 
peel tissue and solubilize the pigment, which is deeply 
embedded within the chromoplast membrane structures 
(Harris & Spurr, 1969). Tomato peel is a highly struc-
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tured plant material containing many different polysac-
charide components, such as cellulose, hemicelluloses 
and pectins (Gross, 1984). In theory, the extraction ef-
ficiency could be improved by using more severe extrac-
tion conditions, but the risk for lycopene to undergo 
oxidative degradation would proportionally increase (Xi-
anquan et al., 2005). The optimum extraction conditions 
depend on the processing technique used to obtain the 
food product. For example, longer extraction times and 
more extraction cycles are required to efficiently extract 
lycopene from raw tomato and tomato skin (Kaur et al., 
2008), compared to the tomato paste (Sadler et al., 1990). 
In the unprocessed tomato, the lycopene is bound with-
in the cellular structures, while the cells in the tomato 
paste have been weakened by processing, resulting in the 
higher extraction efficiency of lycopene from the tomato 
paste.

The enzymatic pretreatment of agro-wastes is an al-
ready established approach, with many applications for 
recovering compounds of biological significance and 
other high added value products from their compact 
highly structured plant tissue. Since the plant cell wall is 
comprised of cellulose and pectins, cellulases and pec-
tinases have been used for this purpose. Cell-wall de-
grading enzymes have been successfully used to enhance 
the release of a variety of components, including phe-
nolic compounds (Landbo & Meyer, 2001), non-volatile 
grape aroma precursors (Bautista-Ortín et al., 2005) and 
carotenoids (Barzana et al., 2002; Zuorro & Lavecchia, 
2010), from a variety of plant materials. In light of the 
above considerations, we have explored the possibility 
of using cell-wall degrading enzymes, i.e., enzymes that 
are capable of hydrolyzing the pectins of the plant struc-
tures where the pigment accumulates, as a mild and ef-
ficient means to facilitate recovery of lycopene. In this 
paper, with a view to industrial applications, attention is 
focused on a method utilizing readily available enzyme 
preparations and organic solvent, approved for food ap-
plications, such as ethyl acetate.

Surfactants have been successfully used for Cloud 
Point Extraction (CPE) of numerous analytes of bio-
logical interest, such as proteins, enzymes, phenols from 
aqueous solutions (Materna & Szymanowski, 2002), poly-
phenols from wine sludge (Chatzilazarou et al., 2010), 
both hydrophobic and hydrophilic ginsenosides (Fang 
et al., 2000). However, the use of surfactants to facili-
tate the recovery of such lipophilic compounds as carot-
enoids from their natural matrices is another alternative, 
never examined before in tomato peel residue and espe-
cially in combination with enzymatic pre-treatment.

MATERIALS AND METHODS

Materials. The following enzyme preparations, all 
from fungal sources and in liquid form, were used: 
Citrozym® CEO 9500 PGU/mL and Citrozym® Ul-
tra L 4500 PECTU/mL, from Novozymes (Denmark). 
The surfactants: Span20 (Hydrophilic Lipophilic Balance, 
HLB: 4.3), Span40 (HLB: 6.7), Span60 (HLB: 5), Span85 
(HLB: 1.8), Tween20 (HLB: 16.7), Tween80 (HLB: 15), 
Tween85 (HLB: 11) and Triton X-100 (HLB: 13.5) were 
all from Sigma-Aldrich Inc. Chemicals Co (Germany). In 
all experiments an amount of 0.22 g tomato peel from 
the local market was used, treated in a house blender 
and partially dehydrated. 

Enzymatic pretreatment. The tomato peels were 
contacted with pectinolytic enzyme preparations, diluted 
to a final volume of 3.5 mL. The reaction mixture was 

prepared by dissolving the appropriate amount of con-
centrated liquid enzyme preparation in distilled water or 
in buffer solution of pH 5 in order to achieve the desir-
able final enzyme activity. The enzymes were examined 
for the pretreatment of tomato peels, under the same di-
lution of 250 enzyme Units/mL for various pretreatment 
times (15, 30, 60, 120 and 180 min), and pH 5.5 and 5 
(125 and 750 enzyme Units/mL). The pH of the diluted 
enzyme solution without adjustment was 5.5. The influ-
ence of different enzyme amount was examined using 
different enzyme dilutions for 1 h pretreatment (i.e. 125, 
250, 500, 750, 1000, 1500 and 2000 enzyme Units/mL). 

Surfactant assisted extraction. Tomato peels were 
placed in vials with different surfactants in distilled wa-
ter, with final solution volume 5 mL and a molar ratio 
10 surfactant molecule per molecule of total calculated 
lycopene. In addition, the influence of different sur-
factant concentrations was examined with the best sur-
factant, i.e. Span 20. In all cases the surfactant was ini-
tially added to water and subjected to intense stirring at 
500 rpm until a stable emulsion was obtained.

Enzymatic pretreatment and surfactant assisted 
extraction. A combination of enzymatic pretreatment 
for 30 min (with an enzyme solution with activity 250 
enzyme Units/mL) and subsequently 30 min surfactant 
assisted extraction with Span 20 was used using differ-
ent molar ratios (1–11) in respect of total calculated ly-
copene content, in a final solution volume of 5 mL.  All 
experiments were carried out at room temperature under 
stirring (250 rpm) in triplicate and the average is report-
ed here (SD ≤5%). At the end of all examined cases of 
pretreatment, 5 mL of ethyl acetate was poured into the 
flasks and the system was kept under stirring for further 
10 min. Subsequently, a sample of the solvent was with-
drawn, filtered and analyzed spectrophotometrically for 
lycopene content at 470 nm using a Shimanzu U-1700 
spectrometer.

RESULTS AND DISCUSSION

Enzymatically assisted lycopene extraction

Characterization of lycopene fraction in peel (with a  
moisture content of 77.0±1.4 wt%) provided an average 
content of 643±17 μg/g, after three extraction cycles 
(2 h each) with ethyl acetate, leaving after the extraction 
a colorless white peel tissue. The reported lycopene re-
covery yields are expressed as the percentage of the ly-
copene amount extracted in a single extraction step over 
the total amount of lycopene in the peels that could 
be extracted after three repeated extraction cycles (2 h 
each). The yield of lycopene extraction from untreated 
tomato peels after just 1h stirring in distilled water was 
6.08±0.3% (Fig. 1b and c). In general, the use of com-
mercial pectinolytic enzyme preparations and the sub-
sequent extraction with ethyl acetate under the specific 
experimental conditions, lead to an increase in lycopene 
recovery of about 9.5–11%, compared to the total re-
covered amount. An incubation time of 1 h was found 
to be optimum for the enzymatic pre-treatment of peels 
(Fig. 1a), for both enzyme preparations, under the same 
enzymatic activity of 250 Units/mL. Afterwards, the in-
fluence of the solution with different enzyme activity in 
the pre-treatment of peels has been investigated, which 
shows that a solution with enzyme activity 250 Units/
mL and 1 h was effective in extracting the lycopene 
from the peels (Fig. 1b). The decrease observed in the 
lycopene content with increasing solution enzyme activ-
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ity (Fig. 1b) may be due to its ease of extraction from 
the peel mass and therefore to its prompt oxidation un-
der the examined conditions. The effect of pH on the 
peels enzymatic pre-treatment did not exhibit any sig-
nificant alteration regarding the examined enzymes and 
concentrations (Fig. 1c). The optimum pH range is 5.5 
and 4.5 for Citrozym® CEO and Citrozym® Ultra L re-
spectively, according to Zuorro & Lavecchia (2010). In 
conclusion, the Citrozym® CEO appears to perform bet-
ter (Fig. 1a–c) with an optimum concentration 250 U/
mL for 1 h, while the pH does not significantly affect 
the pre-treatment.

Surfactant assisted lycopene extraction

Eight commonly used surfactants with quite broad 
range of Hydrophilic Lipophilic Balance (HLB) were ex-
amined. It was found that surfactants with a HLB val-
ue in the range 4 to 7 (i.e. Span 20, Span 40 and Span 
60) exhibited the best performance (Fig. 2a); Span 20 
was the most effective, resulting in lycopene recovery 
about 23–25%. Furthermore, the influence of Span 20 
over lycopene molar ratio on extraction was investigat-
ed (Fig. 2b). It was found that lycopene recovery was 
strongly dependent on Span 20 concentration; i.e. the 
recovery increased with Span 20 concentration, up to 

a specific ratio, exhibiting an optimum range of 5 to 7  
(Fig. 2b) and lycopene recovery about 20–25%. It should 
be mentioned here in respect of an industrial application 
that a low ratio indicates an economically more effective 
process (less surfactant used) and an easier separation of 
the entrapped (into the emulsion) lycopene from the sur-
factant, if it is necessary.

Combined enzymatic pretreatment and surfactant 
assisted extraction

The results of this sequential treatment are shown in 
Fig. 3, for six surfactant (Span 20) over lycopene molar 
ratios (i.e. 1, 3, 4, 5, 8, 11); an improvement is obtained 
in lycopene recovery, with a somewhat lower molar ratio 
of surfactant over lycopene molecule, i.e. 4 to 5. Fig. 3 
also shows the lycopene recovery from totally untreated 

Figure 1. Factors influencing the enzymatic pre-treatment of to-
mato peels:  
(a) time, (b) enzyme amount, and (c) pH.
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Figure 2. Surfactant assisted lycopene recovery from tomato 
peels for: 
(a) various surfactants at the same concentration, and (b) various 
Span 20 concentrations.
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Figure 3. Results of combined enzyme pre-treatment and sur-
factant assisted extraction; data for six different molar ratios of 
Span 20 over lycopene. 
Additional data: Samp 1, untreated peels; Samp 2, enzyme treat-
ed peels (250 enzyme Units/mL) without surfactant; Samp 3, sur-
factant assisted extraction without enzymatic pre-treatment (mo-
lar ratio of Span 20 over lycopene equal to six).
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peels (Samp1), from enzyme treated peels (Samp 2) and 
from peels treated 1h only with Span 20 and molar ratio 
of surfactant to lycopene equal to six (Samp 3).  Com-
bined treatment leads to lycopene recovery almost four 
times greater, compared to simple 1 hr enzymatic pre-
treatment (Samp 2), and approx. ten times greater com-
pared to recovery from untreated peels (Samp1). 

CONCLUSIONS

The results of this study show that the recovery of 
lycopene from the peel fraction of tomato processing 
waste can be greatly enhanced by the combined use of 
commercial enzyme preparation and surfactant assisted 
extraction. In particular, initial pretreatment of tomato 
peels with Citrozym® CEO followed by surfactant as-
sisted extraction, for 30 min in each step, resulted in ex-
traction yields four and ten times greater compared to 
enzymatically pretreated and untreated peels, respectively. 
This fact, together with the comparatively low cost of 
commercial food-grade enzyme preparations and sur-
factants used, lend strong support to the possible imple-
mentation of the process at industrial scale. Furthermore, 
the recovered lycopene is in the form of an aqueous 
emulsion, readily usable for applications in the food and 
cosmetics industries; this is of paramount importance for 
such a lipophilic compound recovery, avoiding the use 
of organic solvents and thus being more environmentally 
friendly.
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