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Abstract: Cultivation of tomatos is an important agro-economic activity in the European Union
(EV). Tomato processing industry entails the generation of large volumes of organic waste in the
form of tomato seeds and skin. The tomato waste obtained from the manufacture of tomato juice
was collected from "Orhei-Vit" JSC, Orhei, Republic of Moldova. 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. 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). Under laboratory conditions, samples of CO2 extracts from tomato waste
were obtained at different extraction parameters. 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.
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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 [9].

Tomatoes and tomato waste, respectively, are highlighted by an increased content
of lycopene, a powerful antioxidant. The lycopene molecule is the longest of all
carotenoids, which like the B-carotene, the human body does not synthesize. Although it
has a structure similar to that of the well-known antioxidant B-carotene, its antioxidant
activity is at least 5 times higher. Lycopene protects cells against DNA damage and lipid
peroxidation, and intervenes in reducing the risk of certain cancers (prostate, digestive,
bladder, lung, skin) [10]. 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
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the reactive forms of oxygen. Namely, the double bonds of the molecules ensure the
addition of reactive oxygen [14].

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. 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) [8].

This paper presents the content of lycopene in CO; 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 CO; 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 CO, extraction is that the raw
material subjected to the extraction of the lipid fraction has a humidity of maximum
10...12% [4]. 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% [4]. Carbon dioxide is intended
for use in the food industry. The reagents used in analyzes: hexane, ethanol and acetone,
meet the quality requirements.

Methods

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 MPa (500 atm), Tmax = 75°C, volume of the extractor vessel
— 1.0 I and maximum extract volume — 0,6l [4].

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 CO; 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 CO- fluid and the solubilized components, is transferred to the separators |
and 11 where the fluid is reduced by decreasing the pressure of the system. The extract
precipitates in the | or Il separator while thesuperctitical CO; fluid is either released to
the atmosphere or recycled back to the extractor [1, 4].
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Determination of Lycopene content

The lycopene from tomato by-products is extracted using hexane: ethanol: acetone
mixture (2:1:1) (v/v) following the Sharma and Le Maquer method, exposed by Alda [5].
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 A=502 nm. The
concentration of lycopene is expressed in mg/100 g product.

315 m
C — lycopene content, mg/100g
m — mass of product sample, g
E — extinction coefficient.

Statistical analysis

Variance analysis of the results was carried out by least square method with
application of Microsoft Office Excel program. Differences were considered statistically
significant if probability was greater than 95% (g < 5%). All assays were performed at
room temperature, 20 + 1 °C. Experimental results are represented according to standard
rules.

Results and discussion

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. For
the planned experiments, to the influence factors were assigned two levels of variation: a
upper level xsup and a lower level xinr. These two levels are chosen at equal distance from
the central level xo 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 [3, 7].

During the supercritical-CO; 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, X, 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.
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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.

In order to have relevant results on the CO- 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 120-50-01C, (Pmax = 50 MPa, Trmax
=75°C, Ve = 1,0 1) [12], the parameters required to ensure the supercritical state of
carbon dioxide (Per= 7.377 MPa, Ter = 30.978 ° C, per = 467.6 kg / m®) [10, 13], but also
that these parameters do not affect the quality of the extraction products. The lycopene
concentration in the CO; extract of tomato waste, obtained with supercritical carbon
dioxide, was taken as the output variable.

Knowing the factors that influence the CO; extraction process of lycopene from
tomato waste, it can be chosen an optimum.
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Fig. 1. The calculated lycopene content according to the obtained equation at envisaged
parameters with the recalculated step

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.
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In order to obtain the graphs of response surfaces in the final form of regression
equation: Y =24,80+7,48X, +6,29X, +1,37X, +1,66X? the parameters Xy, X», X3 are
replaced with the expressions (2):

X1=(T-To)/AT; or : X3=(T-55)/15
Xo=(P-Pg)/AP; or : X,=(P-30)/10 2
X3=(t-to)/At; or : X35=(t-60)/30

Therefore, the final form of the second degree equation (3) describing the lycopene
CO; extraction from tomato waste is:

Y =24,80+7,48(T —55)/15+6,29(P —30) /10 +1,37(t —60) / 30 +1, 66((T —55)/15)*>  (3)

The plot of response surface of lycopene concentration in the CO- extracts from
tomato waste, at 1 constant input factor (for minimum and maximum values) and 2
variable inputs were modeled.
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Fig. 2. The response surface plot of tomato waste CO2 extraction: lycopene content vs. extraction
pressure and time at constant temperature 35 °C

At constant temperature T =35 °C (Fig. 2), the minimum and maximum lycopene content
calculated by the obtained formula (4) is:

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

_ 4
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. If the pressure is constant, namely
for Pmin = 15 MPa (Fig. 4), 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).
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Fig. 3. The response surface plot of tomato waste CO2 extraction : lycopene content vs. extraction
temperature and time at constant pressure 15 Mpa

In the case when pressure is constant, for Pmax = 45 MPa, 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 (Fig. 4).
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Fig. 4. The response surface plot of tomato waste CO2 extraction: lycopene content vs. extraction
pressure and temperature at constant time 25 min

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.

The content of lycopene in the CO; extract from tomato waste varies between
10,80-47,12 mg/100 g, ie on average 28.96 mg/100 g of CO»-extract, about 2-9 times
higher than Recommended Daily Amount (RDA), 5-15 mg/day [8]. In order to provide
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the human body with 15% of the RDA [6] of lycopene, a portion of the consumed product
must contain at least 0.75 mg of lycopene.

Conclusions

Tomato waste can be used as a secondary raw material for the extraction of
lycopene in liposoluble CO; extract. For supercritical CO; extraction parameters: T=36—
73 °C; P=18-42 MPa and t=24-96 min, the lycopene content in CO; 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 CO; 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 CO; extraction of
lycopene from tomato waste has been established. The optimal parameters of supercritical
CO; extraction of lycopene from tomato waste are temperature 60—75 °C, pressure 33—
42 MPa and time 62—68 min. The untapped potential for industrial tomato waste is in line
with the current zero waste sustainability concept (Directive 2008/98/EC).

Acknowledgements
This work was done in the framework of Independent Project for Young
Researchers 16.80012.51.23A “Innovative product from goat milk with high biological
properties” (InoBioProd), cofounded by the Ministry of Agriculture and Food Industry
and coordinated by the Academy of Science of Moldova.

References

1. Alda L.M., Gogoasa 1., Bordean D-M., Gergen, 1., Alda S., Moldovan C., Nita
L., Lycopene content of tomatoes and tomato products. Journal of Agroalimentary
Processes and Technologies, 15(4), 2009, pp. 540-542.

2. Baerle A., Macari A., Modelarea matematica a experimentului. Suport teoretic de
curs, Editura Tehnica-UTM, Chisinau, 2014.

3. Baron T., Statisticiteoreticd si economicd, Editura Didactica si Pedagogica,
Bucuresti, 1995.

4. Boye 1.J., Arcand Y., Green technologies in food production and processing. Food
Research and Development Centre Agriculture and Agri-Food Canada, Saint Hyacinthe,
Food Engineering Series, Springer, 2012.

5. Cicala E.F., Metode de prelucrare statistica a datelor experimentale, Editura
Politehnica, Timisoara, 1999.

6. Hotararea de Guvern RM nr. 538 din 02.09.2009, Regulamentul sanitar privind
suplimentele alimentare, punct.15.

7. Leoveanu L.S., Optimizarea proceselor tehnologice, Vol.1. Aplicatii generale. Ed.
Luxlibris, 2006.

8. Migalatiev O., Deseurile de tomate — materie prima secundard pentru COp-
extractia supercritica, Pomicultura, Viticultura si Vinificatia, 3(63), pp. 27-34, ISSN
1857-3142, 2016.

9. Patent. 2015. Method for producing tomato seed oil under super-critical CO,
auxiliary squeezing. CN104357208 A. 2015-02-18.

10. Patent. 2014. Method for supercritical carbon dioxide extraction of lycopene in
watermelon. CN101891580 B. 2014-05-14.



50 | MTFI-2018

11. Popovici C., Caragia V., Cartasev A., Migaltiev O., Coev Gh., Golubi R.,
Bogdan N., Grumeza I., InoBioProd: innovation challenges and scientific Perspectives.
Ukrainian Food Journal. 6(2), ISSN 2313-5891 (Online), ISSN 2304-974X (Print).
DOI: 10.24263/2304-974X-2017-6-2-17, 2017, p. 379-390.

12. Popovici C., Migalatiev O., Golubi R., Caragia V., Cartasev A., Coev Gh.,
Bogdan N., Grumeza I., Smart valorisation of industrial tomatoes by-products. Book of
abstracts of the 4™ North and East European Congress on Food (NEEFood) “Global and
Local Challenges in Food Science and Technology”, Kaunas University of Technology,
Lithuania, 11-13 September 2017, ISBN 978-609-02-1373-5, p. 42.

13. Popovici C., Migalatiev O., Golubi R., Caragia V., Cartasev A., Coev Gh.,
Bogdan N., Grumeza ., Intelligent valorisation of agro-food industrial waste into high
value products. Abstract Book of the 91" Central European Congress on Food (CEFood),
24-26 May 2018, University of Lucian Blaga of Sibiu, Romania, ISBN 978-606-12-1546-
1,p. 31

14. Tatarov P., Chimia Produselor alimentare, Universitatea tehnica a Moldovei,
Facultatea Tehnologia Alimentelor, Chisinau, 2017.



