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Introduction. Tomato waste can be used as secondary 
raw materials for obtaining liposoluble extracts. Lycopene, 
being a lipophilic compound with antioxidant properties 
found in tomatoes, it may be extracted using supercritical 
carbon dioxide from the waste obtained in the industrial 
processing of tomatoes. 

Materials and methods. The tomato waste obtained 
from the manufacture of tomato juice was collected from 
"Orhei-Vit" JSC, Orhei, Republic of Moldova. Using the full 
factorial orthogonal experimental design method, was 
created the planning matrix in real variables, obtaining 15 
extraction regimes by varying the parameters: temperature 
(36–73 °C), pressure (18–42 MPa) and time (24–96 min). 
The content of lycopene was determined by the 
spectrophotometric method at 502 nm wavelength.  

Results and discussion. Initially, tomato waste was 
dried from an initial humidity of 80.0% to a final moisture 
content of 6.5%. In order to increase the contact surface with 
carbon dioxide, the tomato waste was milled. Under 
laboratory conditions, samples of CO2 extracts from tomato 
waste were obtained at different extraction parameters. The 
lycopene concentration was taken as the output factor, and it 
was established the final form of the second order regression 
equation characterizing the CO2 extraction process of 
lycopene in the fat-soluble fraction from the tomato waste. 
The regression equation allowed the optimization of the 
response using the gradient ascension method, thus 
establishing the optimal extraction parameters of the 
bioactive compound – lycopene. The response surface plot 
described by the second degree polynomial which 
characterizes the CO2 extraction process of lycopene from 
tomato waste at constant time, pressure or temperature were 
graphically represented. 

Conclusions. The CO2 extracts from tomato waste are 
rich in lycopene, the concentration ranging from 10.8 to 47.1 
mg/100 g. The optimal parameters for lycopene extraction 
from tomato waste are the temperature 60–75 °C, the 
pressure 33–42 MPa and the extraction time 62–68 min. 
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Introduction 
 
With the increase in world trade of tomato products, the tomato processing industry is 

also expanding. As a consequence (result), the amount of by-products: tomato seeds and 
skin grows. At present, only a small amount of tomato by-products are sold at low prices 
and used as feed or fertilizer, but the remaining seeds are thrown away, thus wasting 
resources and polluting the environment. Tomato seeds are an excellent source of 
macronutrients: 28% fat and 29% protein, and micronutrients: linoleic acid and other 
unsaturated fatty acids, high levels of essential amino acids such as lysine; without toxic 
ingredients or nutritional inhibitors. Therefore, the way of extracting nutrients from 
tomato by-products in order to obtain new products and greater economic value is a 
challenge. [1] 

Secondary products from tomato processing can be used as a raw material for the 
production of tomato oil, so that the turning effect by transforming waste into a resource is 
achieved and environmental pollution can be reduced. In addition to the conventional 
pressing method, it is possible to implement the modern supercritical CO2 extraction 
technology for the production of tomato seed oil so that the yield of tomato oil can be 
greatly improved and the quality of the tomato oil could be high. The plant is reliable, the 
resulting product is safe, and the extraction rate of tomato seed oil is over 95%. Compared 
to the conventional hot pressing method, the advantage of CO2 extraction is that it avoids 
the deterioration of bioactive substances and fat-soluble nutritional components that can 
be stored in essential quantities in tomato seed oil. [1] 

Tomato seed oil has a high nutritional value, contains large amounts of unsaturated 
fatty acids and is a powerful antioxidant that can effectively reduce stress, improve sleep 
quality, restore skin's natural glow, improve immunity, has anti-aging effects and protects 
against UV radiation, prevents osteoporosis and can prevent calcium loss. [1] 

Tomatoes and tomato waste, respectively, are highlighted by an increased content of 
lycopene, a powerful antioxidant. 

Lycopene is a tetraterpen from the carotenoid family, namely that of carotenes. This is 
a red, fat-soluble pigment (vegetable colorant) found mainly in tomatoes and various 
products derived from thermally processed tomatoes. It is named after the Latin name of 
tomatoes (Solanum lycopersicum), which has the highest natural concentration. 

It has a structure consisting of a long chain of conjugated double bonds, with two 
open rings at the ends. 

 

 
 

Figure 1. The molecular structure of lycopene 
 
The lycopene molecule is the longest of all carotenoids, which like the β-carotene, the 

human body does not synthesize. 
Although it has a structure similar to that of the well-known antioxidant β-carotene, 

its antioxidant activity is at least 5 times higher. Lycopene protects cells against DNA 
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damage and lipid peroxidation, and intervenes in reducing the risk of certain cancers 
(prostate, digestive, bladder, lung, skin). [2] 

The antioxidant activity of lycopene is due to the capture of singlet oxygen from 
biological systems. 

Lycopene is widely used in the alimentary industry as an antioxidant and natural 
colorant. As antioxidant it is active in non-polar environments, in oils, fats, foods with a 
lipid content. It has the ability to protect lipids from oxidative degradation by inactivating 
the reactive forms of oxygen. Namely, the double bonds of the molecules ensure the 
addition of reactive oxygen. [3] 

Thermal treatment or tomato processing does not affect the antioxidant properties of 
lycopene, on the contrary it increases its availability and is more efficiently assimilated by 
the human body. [4, 5] 

In laboratory conditions lycopene shows antitoxic properties against various toxic 
substances such as aflatoxin, cyclosporine or cadmium. [5] 

According to the European Food Safety Authority (EFSA Journal 2011; 9 (4): 2031 
Scientific opinion on the substantiation of health claims related to lycopene according to 
Article 13, paragraph 1 of Regulation (EC) No 1924/2006) the Dietary Reference Intake 
(DRI) of lycopene to have antioxidant effect or a normal cardiac function(in case of 
cardiovascular disease) is 5-15 mg / day [6]. According to the recommendations of the 
Guidebook MP 2.3.1. 19150-04 of 2004, (Recommended levels of biologically active 
substances), the DRI of lycopene is 5-10 mg (the maximum daily dose is 15 mg) [7]. 

This paper presents the content of lycopene in CO2 extracts from tomato waste, 
obtained at different extraction regimes. Based on the obtained data, it is determined the 
influence of the extraction parameters: temperature, pressure and time on lycopene 
concentration in the fat-soluble CO2 extracts from tomato waste. 

 
 
Materials and methods 
 
Materials 
 
Tomato waste was collected from the industrial scale production of tomato juice at 

"Orhei-Vit" JSC, Orhei, Republic of Moldova. 
With the purpose of being used as raw material, tomato waste with an initial moisture 

content of 80.09 % was dried by the conductive method in Biosec Domus B5 dryer to a 
final moisture content of 6.50 %. One of the basic criteria for carrying out the supercritical 
CO2 extraction is that the raw material subjected to the extraction of the lipid fraction has a 
humidity of maximum 10…12%. [8] 

In order to increase the contact area with the carbon dioxide, to achieve a more 
efficient extraction, both quantitatively and qualitatively, the tomato waste was milled. 

The lipid content in dried tomato waste is 10.5%. [8] 
Carbon dioxide is intended for use in the food industry. 
The reagents used in analyzes: hexane, ethanol and acetone, meet the quality 

requirements. 
 
 
 
 



─── Food Technology ─── 

─── Ukrainian Food Journal.   2017.  Volume 6. Issue 4 ─── 701 

Methods 
 
Supercritical CO2 extraction. The supercritical extraction with carbon dioxide from 

tomato waste was carried out under laboratory conditions at the HA 120-50-01C pilot 
plant within the Practical Scientific Institute of Horticulture and Food Technology.  

The technical parameters of the installation are: Pmax=50 МРа (500 atm), Tmax = 75°С, 
volume of the extractor vessel – 1,0 l and maximum extract volume – 0,6l [8]. 

From the storage tank, the carbon dioxide is pumped through the heat exchanger into 
the extractor vessel with raw material – tomato waste. Using the pressure and temperature 
control system the required extraction pressure and temperature are created in the extractor 
vessel. Once the supercritical CO2 and the feed reach equilibrium in the extraction vessel, 
through the manipulation of pressure and temperature to achieve the operating conditions, 
the extraction process proceeds. The mobile phase, consisting of the superctitical CO2 fluid 
and the solubilized components, is transferred to the separators I and II where the fluid is 
reduced by decreasing the pressure of the system. The extract precipitates in the I or II 
separator while thesuperctitical CO2 fluid is either released to the atmosphere or recycled 
back to the extractor [8, 9]. 

 
Determination of Lycopene content. The lycopene from tomato byproducts is 

extracted using hexane: ethanol: acetone mixture (2:1:1) (v/v) following the Sharma and Le 
Maquer method, exposed by Alda [10]. 

One gram of the homogenized samples, and 25 ml of hexane: ethanol: acetone mixture, 
which was placed into the rotatory mixer for 30 min, adding 10 ml of distilled water and the 
stirring was continued for another 2 minutes. 

The solution was then left to separate into two distinct layers, polar and non-polar. The 
absorbance was measured at 502 nm, using hexane as a reference sample. The lycopene 
concentration was calculated using its specific extinction coefficient (E 1%, 1 cm) of 3150 
in hexane at λ=502 nm. The concentration of lycopene is expressed in mg/100 g product. 

 
20

3.15
EC

m
                                                    (1) 

C – lycopene content, mg/100g 
m – mass of product sample, g 
E – extinction coefficient. 
 
Statistical analysis. The mathematical processing of the obtained data on the 

supercritical CO2 extraction of lycopene from tomato waste was performed using Microsoft 
Excel 2007 software. 

 
 
Results and discussion 
 
Central factorial experiment composed in the orthogonal plane 
 
In order to determine practical values of the process parameters, it is necessary to 

establish interdependencies capable of describing both the nature and the extent of the 
influences of the input factors, so it is foreseen to determine a mathematical model. 
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For the planned experiments, to the influence factors were assigned two levels of 
variation: a upper level xsup and a lower level xinf. These two levels are chosen at equal 
distance from the central level x0 of the influence factor, also called base level or zero level.  

The zero level indicates the value of the influence factors around which experimental 
modeling was desired. The interval limited by the lower and upper values of the influence 
factors defines the experimental field. All influence factors can take values within this 
range of variation. [11, 12, 13] 

During the supercritical-CO2 extraction from tomato waste was examined the 
oscillation of three process parameters, namely temperature, pressure and time. 
Respectively, it was obtained the matrix in which the variable parameters of the process 
were encoded by X1, X2 and X3 and were noted the minimum, center and maximum values 
that will be used in supercritical carbon dioxide extraction of liposoluble substances, 
including lycopene. 

 
Table 1  

The classical matrix of assigning the values of influence factors 
 

Factor Coding Min. (-) Center Max. (+) 
Temperature, °C X1 40 55 70 
Pressure, MPa X2 20 30 40 
Time, min. X3 30 60 90 

 
 
Each input factor was assigned a coded variable. 
The variation range, from minimum (-) to maximum (+), was chosen in accordance 

with the characteristics of the CO2-extraction plant, so that all experiments were achievable. 
To obtain a second-order mathematical model, factorial design of the experiments is 

used, the most important programs being the composite central programs. When composing 
the mathematical model in the form of a polynomial of second degree, the number of 
factors can not be limited to two. Therefore, it should be used 3k programs in which factors 
are changed to 3 levels. However, these programs become uneconomic or even unrealistic 
with a number of factors k4, due to the very large number of determinations. In this sense 
it has been shown that a program with fewer determinations compared to program 3k can be 
obtained by supplementing a 2k program with certain points of factorial space. [13, 14] 

Results: 
 

N = Nc + N + N0                                                   (2) 
 

where: N – total number of determinations; 
Nc – the number of "sphere" determinations; 
N – the number of "star" points; 
N0 – the number of points in the center. 

The programming method of the composite central experiment involves completing the 
2k base factorial matrix with a number of experiences (N = 2k), while the other factors are 
at the base level, and with N0 experiments at the center of the experiment. 

Under these circumstances, the total number of experiences is: 
 

N = 2k + 2 k + N0 (3) 
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It has been agreed to take as model the orthogonal central matrix. 
Initially, the program's center coordinates (zero level 0

ix ) and intervals of variation Δхi 
were calculated using relations 4 and 5: 

 
0

2

s i
i i

i
x x

x


                                             (4) 

2

s i
i i

i
x x

x


                                                          (5) 

 
Factors coding was performed according to formula 6: 

0
i i

i
i

x x
X

x





                                                         (6)  

0
i

i
X x

x


 


                                                        (7) 

 

1
40 55 1

15
Х 

   ; 

2
20 30 1

10
Х 

   ; 

3
30 60 1

30
Х 

   . 

 
To complement the matrix with the experiences from no. 9 to 15, it is necessary to 

calculate the star points (+ α and -α), multiplied by the coefficients +1,215 and -1,215 
according to formula 7. 

Temperature: +α: ; X X   =73 °C;-α: ; X X   =36 °C; 
Pressure:+α: ; X X   =42 MPa;-α: ; X X   =18 MPa; 

Time:+α: ; X X   =96 min.; -α: ; X X   =24 min. 
 

Table 2 
Variation ranges and factor levels 

 
Factor name Temperature, °C Pressure, MPa Time, min 
Factor coding  X1 X2 X3 
Upper level s

ix  70 40 90 

Lower level i
ix  40 20 30 

Zero level 0
ix  55 30 60 

Intervals of variation Δхi 15 10 30 
Level +α X   73 42 96 

Level –α X   36 18 24 
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According to the values of the calculated parameters for the orthogonal model, it is 
observed that the determined star points are included in the technical characteristics of the 
installation and allow extraction to be performed under supercritical conditions.  

Experiences no 9-14 are performed according to star point values for each factor of 
influence and their combination with the zero level values of the other factors. 

The natural values of input factors in points +1 and -1 are determined from the 
relation 0

i ix x   . 
The values thus obtained are used to perform the experiments. For each experience a 

measured value of the resultant variable Y is obtained. These data are used to calculate the 
regression coefficients of the mathematical model. 

The performance of the experiments led to the obtaining of information about the 
dependent variable Y, in different situations, resulting from the combination of the different 
coded levels of the independent variables. 

 
Table 3  

Matrix of planning in real variables 
 

No Temperature, 
°C 

Presure,  
MPa 

Time,  
min YA YB Y  

1 40 20 30 10.80 12.88 11.84 
2 70 20 30 25.24 25.40 25.32 
3 40 40 30 25.84 22.72 24.28 
4 70 40 30 47.12 35.28 41.20 
5 40 20 90 13.16 15.20 14.18 
6 70 20 90 28.80 29.96 29.38 
7 40 40 90 25.40 26.44 25.92 
8 70 40 90 40.48 44.49 42.49 
9 37 30 60 19.68 16.74 18.21 
10 73 30 60 36.00 32.88 34.44 
11 55 18 60 16.64 16.72 16.68 
12 55 42 60 29.56 29.72 29.64 
13 55 30 24 22.84 22.96 22.90 
14 55 30 96 26.44 28.64 27.54 
15 55 30 60 26.08 26.20 26.14 

 
In order to have relevant results on the CO2 extraction process of lycopene from tomato 

waste, two parallel experiments of the 15 regimes of extractions were performed, at 
temperature, pressure and time parameters to maximum, minimum and center values and 
combinations thereof. 

When selecting the extraction parameters, were taken into account the characteristics 
of the pilot plant type HA 120-50-01С, (Pmax = 50 МРа, Tmax = 75 ° С, Vcel = 1,0 l) [8], the 
parameters required to ensure the supercritical state of carbon dioxide (Pcr = 7.377 MPa, Tcr 
= 30.978 ° C, ρcr = 467.6 kg / m3) [15], but also that these parameters do not affect the 
quality of the extraction products. 

The lycopene concentration in the CO2 extract of tomato waste, obtained with 
supercritical carbon dioxide, was taken as the output variable. The mean of the response Y  
was the mean of the concentrations of the two parallel experiments YA and YB. The data 
obtained are entered in Table 3. 
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Thus, the following experiment plannning matrix (Table 4) is obtained: 
 

Table 4 
Experiment planning matrix in encoded variables of composed central programming in 

orthogonal plane  
 

No X0  X1  X2  X3  X1 X2  X1 X3  X2 X3  0,732
1X  0,732

2X  0,732
3X  Y  

1 + –  –  –  + + + 0 .27  0 .27 0 .27 11.84 

2  + + –  –  –  –  + 0 .27  0 .27  0 .27 25.32 

3  + –  + –  –  + –  0 .27  0 .27  0 .27 24.28 

4  + + + –  + –  –  0 .27  0 .27  0 .27 41.20 

5  + –  –  + + –  –  0 .27  0 .27  0 .27 14.18 

6  + + –  + –  + –  0 .27  0 .27  0 .27 29.38 

7  + –  + + –  –  + 0 .27  0 .27  0 .27 25.92 

8  + + + + + + + 0 .27  0 .27 0 .27 42.49 

9  + –1.21 0  0  0  0  0  0 .746 –0.73 –0.73 18.21 

10 + +1.21 0  0  0  0  0  0 .746 –0.73 –0.73 34.44 

11 + 0  –1.21 0  0  0  0  –0.73 0 .746 –0.73 16.68 

12 + 0  +1.21  0  0  0  0  –0.73 0 .746 –0.73 29.64 

13 + 0  0  –1.21 0  0  0  –0.73 –0.73 0 .746 22.90 

14 + 0  0  +1.21  0  0  0  –0.73 –0.73 0 .746 27.54 

15 + 0  0  0  0  0  0  –0.73 –0.73 –0.73 26.14 

 
 
Factors X12, X13, X23 and X123 represent the interaction factors, variables that show their 

mixed influence. 
Y is the system response, i.e. the average lycopene concentration, mg / 100 g of CO2-

extract from tomato waste. 
 
Regression coefficients 
 
According to formulas 8-12 the regression coefficients of the equation were calculated. 
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Table 5  
The regression coefficients of the equation 

 
b'0 b0 b1 b2 b3 b12 b13 b23 b11 b22 b33 

26.01 24.50 7.48 6.29 1.37 0.60 0.17 -0.43 1.66 -0.49 0.91 
 
 

Since factor encoding has been performed, the regression equation will take the form: 
 

2
0 ' ( )i i ij i j iii

Y b b X b X X b X                                        (13) 
 

Thus, the following regression equation of the CO2 extraction of lycopene from the 
tomato waste is obtained: 

 
1 2 3 12 13

2 2 2
23 1 2 3

1 2 3 12

2 2 2
13 23 1 2 3

24,50 7,48 6,29 1,37 0,60 0,17
0, 43 1,66 0, 49 0,91

24,50 7,48 6,29 1,37 0,60
0,17 0,43 1,66 0,49 0,91

Y X X X X X
X X X X Y

X X X X
X X X X X

      

    

     

    

 

 
Then, according to formulas 14-18, the dispersion of the regression coefficients was 

calculated. 
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2
2

2 2( )ii

y
b

iu

S
S

X

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                                            (18) 

 
 

Table 6 
Dispersion of regression coefficients of the equation 

 
2
'0bS  

0'bS  2
ibS  

ibS  2
ijbS  

ijbS  2
iibS  

iibS  2
0bS  2

yS = 2
0S  

0.44 0.66 0.61 0.78 0.83 0.91 1.54 1.24 2.90 2.58 
 
 
The mean dispersion on the matrix (dispersion of the experiment) was determined 

according to formula 19: 
 

2 2
0

1

1 m

i
i

S
m 

                                                (19) 

 
Significance evaluation of calculated coefficients was done according to Student’s t-

test. Calculated values oftcalc. were determined by the formulas 20–22. 
 

i

i
i

b

b
t

S
 (20);           

ij

ij
ij

b

b
t

S
 (21);              

ii

ii
ii

b

b
t

S
 (22). 

 
Table 7 

tcalc coefficient values 
 

t1 t2 t3 t12 t13 t23 t11 t22 t33 
9.57 8.06 1.75 0.66 0.19 0.48 1.33 0.39 0.73 

 
Student’s t-table Stt  coefficient is determined from the Student distribution table, 

where is indicated the number of degrees of freedom f , the probability P , or the 
confidence q . 

It is known that: ib  is significant if 
 i ib b  is insignificant if i Stt t  
By comparing the calculated values of the Student’s t-test and the Student’s t-table Stt , 

it was determined that the insignificant coefficients b are b12, b13, b23, b22 and b33, and 
respectively X12, X13, X23, X22, X33 are insignificant factors. 

Considering only significant regression coefficiants, the model corresponding to the 
system is represented by the followingregression equation in the final form: 

 
2

1 2 3 1
2

1 2 3 1

24,80 7,48 6,29 1,37 1,66

24,80 7,48 6, 29 1,37 1,66

Y X X X X Y

X X X X

     

    
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This is the regression equation without the five insignificant regression coefficients. 
After removing the insignificant terms it is assumed that theY


answer is recalculated (table 

8). 
 

Table 8 
Reference data for testing the suitability of the regression equation 

 

No T, 
°C 

P, 
MPa 

t, 
min YA YB Y  σ2 Y

   ii YY ˆ   2îi YY   

1 40 20 30 10.80 12.88 11.84 2.16 9.23 2.61 6.83 
2 70 20 30 25.24 25.40 25.32 0.01 24.18 1.14 1.29 
3 40 40 30 25.84 22.72 24.28 4.87 21.81 2.47 6.08 
4 70 40 30 47.12 35.28 41.20 70.09 36.77 4.43 19.64 
5 40 20 90 13.16 15.20 14.18 2.08 11.96 2.22 4.94 
6 70 20 90 28.80 29.96 29.38 0.67 26.91 2.47 6.08 
7 40 40 90 25.40 26.44 25.92 0.54 24.54 1.38 1.89 
8 70 40 90 40.48 44.49 42.49 8.04 39.50 2.99 8.91 
9 37 30 60 19.68 16.74 18.21 4.32 15.80 2.41 5.79 
10 73 30 60 36.00 32.88 34.44 4.87 33.90 0.54 0.29 
11 55 18 60 16.64 16.72 16.68 0.00 16.52 0.16 0.03 
12 55 42 60 29.56 29.72 29.64 0.01 31.75 -2.11 4.45 
13 55 30 24 22.84 22.96 22.90 0.01 23.20 -0.30 0.09 
14 55 30 96 26.44 28.64 27.54 2.42 26.50 1.04 1.07 
15 55 30 60 26.08 26.20 26.14 0.01 24.85 1.29 1.66 

 
 
According to the regression equation, was determined the Y


 value for each row from 

the planar matrix. Was calculated the difference between the mean value Y  obtained 
experimentally and the Y


 value calculated from the regression equation. These differences 

 ˆ
i iY Y  were raised to the square  2ˆ

i iY Y  and it was calculated their sum. 

For the analyzed case the sum of the square differences is  2ˆ 69,05i iY Y   

The assessment of the suitability dispersion of the model is determined by formula: 
 

 22 ˆ
ad i i

mS Y Y
N l

 
                                 (23) 

Wherem – the number of parallel experiments 
(N-l) – the number of degrees of freedom of the remaining dispersion  
N – number of experiments 
l – the number of significant regression coefficients, including b0 
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According to the formula 23, residual dispersion is equal to 2 2 69,05 13,81
15 5adS  


 

Verification of the reliability of the experimental data was performed based on the 
Fisher criterion. 

2

2
ad

y

S
F

S
                                          (24) 

Thus,  
13,81 2,07
6,67calcF    

 
To verify the veracity of the hypothesis on the suitability of the model, the number of 

degrees of freedom f1 (for residual dispersion 2
adS ) and f2 (for remaining dispersion 2

yS ) 

was determined and the table value of Fisher test 
1 2( ; ; )tab q f fF  was found depending on 

degrees of freedom and chosen confidence level P or uncertainty q. 
 
 

q=0,05 
f1=N-l=15-7=8 

f2=N(m-1)= 15(2-1)=15 
(0,05;8;15) 2,64tabF   

 
Since 2.07 <2.64, ie Fcalc< (0,05;8;15)tabF it shows that the equation of regression is true, 

the orthogonal model is also true. 
 

Gradient optimization [16] 
 
The regression equation allows the optimization of the output parameters (the response) 

using the gradient method. 
Gradient elevation value was calculated for each input factor. 
 

   ( ) ( )i i i i i iP X X b X X b                                (25) 
 

The theoretical step to optimize the response for the CO2 extraction process of 
lycopene from tomato waste: 

 
    40,22448,73040)-(70)()( 11111  bbXXXP
    80,12529,62020)-(40)()( 22222  bbXXXP
    82,2037,16030)-(90)()( 33333  bbXXXP  

 
Since it is unrealistic to vary the input factors with such values of the theoretical steps, 

to predict the gradient step of ascension, an intuitive coefficient of .inK  44.88 was used so 
that the values of the steps were achievable.  

Thus, the recalculated step will be: 



─── Food Technology─── 

─── Ukrainian Food Journal.   2017.  Volume 6. Issue 4 ─── 710 

 
.

( )
* i

i
in

P X
P X

K
                                          (26) 

 1*P X  5,00                        2*P X  2,80                        3*P X  1,80 
 
It has been established that there are required the following experiments with the 

recalculated step, presented in Table 9. 
 

Table 9  
Planned experiences with the recalculated step 

 
Variable parameters Center 1 2 3 4 
X1 – temperature,°C  55 60 65 70 75 
X2 – pressure, MPa 30 33 36 39 42 
X3 – time, min  60 62 64 66 68 

 
Knowing the factors that influence the CO2 extraction process of lycopene from 

tomato waste, according to the table it can be chosen an optimum. 
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Figure 2. The calculated lycopene content according to the obtained equation at envisaged 
parameters with the recalculated step 
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Analyzing the data from Figure 2, it is noted that increasing the temperature by 5.0 °C, 
the pressure by 3.0 MPa and the extraction time by 2.0 minutes, the lycopene content 
increases with 4.66 to 5.76 mg/100 g of extract. 

 
Graphs of the response surfaces 
 
In order to obtain the graphs of response surfaces in the final form of regression 

equation : 2
1 2 3 124,80 7, 48 6, 29 1,37 1,66Y X X X X    


 the parameters X1, X2, X3 are 

replaced with the expressions: 
 

X1=(T-T0)/ΔT; or : X1=(T-55)/15 
X2=(P-P0)/ΔP; or : X2=(P-30)/10 

X3=(t-t0)/Δt; or : X3=(t-60)/30 
 

Therefore, the final form of the second degree equation describing the lycopene CO2 
extraction from tomato waste is: 

224,80 7, 48( 55) /15 6,29( 30) /10 1,37( 60) / 30 1, 66(( 55) /15)Y T P t T        


 
 
The plot of response surface of lycopene concentration in the CO2 extracts from 

tomato waste, at 1 constant input factor (for minimum and maximum values) and 2 variable 
inputs were modeled. 

At constant temperature T = 35 °C (Figure 3a), the minimum and maximum lycopene 
content calculated by the obtained formula is: 

 
Y


min =8.63 mg/100 g, at P=18 MPa, t=25 min. 
Y


max =28.81 mg/100 g, at P=45 MPa, t=95 min. 
 

According to the mathematical model, at 75 °C a maximum lycopene content of 48.76 
mg/100 g is obtained at P = 45 MPa and t = 95 min, and the minimum lycopene content of 
28.58 mg/100 g at P = 18 MPa, t = 25 min (Figure 3b). 

 
If the pressure is constant, namely for Pmin = 15 MPa (Figure 4a), the minimum 

lycopene concentration is equal to 6.74 mg/100 g (35 °C and 25 min) and the maximum 
concentration is up to 29.89 mg/100 g (75 °C and 95 min). 

In the case when pressure is constant, for Pmax = 45 MPa (Figure 4b), the minimum 
lycopene concentration is 25.61 mg/100 g (35 °C and 25 min) and the maximum 
concentration reaches 48.76 mg/100 g (75 °C and 95 min). 

At a constant time of 25 minutes, the lycopene concentration would be at least 5.43 
mg/100 g at 35 °C and 18 MPa, and at most 42.36 mg/100 g at 75 °C and 45 MPa (Figure 
5a). 

For the duration of the 120 minute constant extraction, according to the response area 
obtained according to the final equation, the minimum concentration of lycopene is 18.45 
mg/100 g at 35 °C and 18 MPa and the maximum concentration is 55.38 mg/100 g at 75 °C 
and 45 MPa (Figure 5b). 
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Figure 3. The response surface plot of tomato waste CO2 extraction : lycopene content vs. 

extraction pressure and time at constant temperature  
a – 35 °C; b – 75 °C 
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Figure 4. The response surface plot of tomato waste CO2 extraction : lycopene content vs. 
extraction temperature and time at constant pressure  

a – 15 Mpa; b – 45 MPa 
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Figure 5. The response surface plot of tomato waste CO2 extraction : lycopene content vs. 
extraction pressure and temperature at constant time  

a – 25 min; b – 95 min 
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The content of lycopene in the CO2 extract from tomato waste varies between 10,80–

47,12 mg/100 g, ie on average 28,96 mg/100 g of CO2-extract, about 2–9 times higher than 
Recommended Daily Amount (RDA), 5–15 mg/day [6, 7].  

In order to provide the human body with 15% of the RDA [17] of lycopene, a portion 
of the consumed product must contain at least 0.75 mg of lycopene. 

 
 

Conclusion 
 
Tomato waste can be used as a secondary raw material for the extraction of lycopene in 

liposoluble CO2 extract. 
For supercritical CO2 extraction parameters: T=36–73 °C; P=18–42 MPa and t=24–96 

min, the lycopene content in CO2 fatty soluble extracts from tomato waste varies in the 
range from 10.80 to 47.12 mg/100 g. 

The greatest influence on the extracting process of lycopene in CO2 extracts from 
tomato waste has the temperature, followed by pressure, and the duration of the process has 
the least influence. 

The final form of the second degree equation describing the CO2 extraction of lycopene 
from tomato waste has been established: 

 
224,80 7, 48( 55) /15 6,29( 30) /10 1,37( 60) / 30 1, 66(( 55) /15)Y T P t T        


 

 
The optimal parameters of supercritical CO2 extraction of lycopene from tomato waste 

are temperature 60–75 °C, pressure 33–42 MPa and time 62–68 min. 
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