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ABSTRACT

This study was conducted to access the extraction yield of antioxidant and their activity from
Egyptian tomato waste. Conventional and novel assisted extraction methods (ultrasound and
microwave) using different hydrophilic and lipophilic solvents at different times and temperatures
for optimizing extraction conditions were used. Total phenolics, flavonolids and lycopene were
individually determined in different solvent extracts. Activity of their antioxidant compounds was
performed using radical scavenging activity and p-carotene-linoleic acid bleaching methods. It was
found that novel assisted extraction methods gave higher yield of antioxidants and antioxidant
activity. In addition preliminary High Performance Liquid Chromatography (HPLC) was used to
identify the antioxidant components. Increase in temperature and extraction time had a significant.
effect. on antioxidant yields and their activity. Kco-friendly solvents such as water and ethyl lactate
gave better results than the others. This study demonstrates the possibility of recovering high
amounts of natural antioxidant compounds with higher antioxidant activity from tomato wastes
using eco-friendly solvents and novel assisted extraction methods.

Key words: Tomato waste, novel assisted methods, lycopene, phenolics, flavonelids, HFLC
analysis, antioxidant activity

INTRODUCTION

By-products produced from fruits and vegetables processing represent a major disposal problem
for industry concerned but they are also promising sources of compounds which may be used for
various purposes in food, pharmaceutical and cosmetics industries (Schieber et al., 2001).

It 1s well known that, tomato is one of the most consumed vegetable in the world and
approximately 30% is consumed as processed products. Both fresh and processed tomato possesses
a high nutritional value, due to its content of different types of micronutrients (carotenoids and
polyphenclic compounds). The polyphenols market is currently being dominated by grape and tea
seeds; however, other alternatives can be utilized in this respect.

The extraction and purification of phytochemicals and carotenoids from natural sources is
desirable, since these bioactive substances are often used in the preparation of dietary supplements,
nutraceuticals, functional food ingredients, food additives, pharmaceuticals and cosmetic products
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{Chavan et al., 2001). The purpose of the extraction of phytochemeals from their plant sources 1s
to liberate these compounds from the vascular structures where they are found, either through
rupturing the plant tissue or through a process of diffusion. One of the most important
considerations in developing new processes and technology for extraction is to achieve safety for
final products when used as food (Tabart et al., 2007; Goli et al., 2005),

A critical and demanding step is the selection of proper safe solvent. Water, aqueous mixtures
of ethanol, methanol and acetone are commonly used as solvents (Sun and Ho, 2005). However,
ethyl lactate has been recently examined as safe extraction solvent with promising results. The
chosen extraction method should enable complete extraction of the compounds of interest and avoid
their chemical transformation (Zuoe et al., 2002).

The ability of several methods, such as enzymes, pulsed electric field or ultrasound, to assist in
the extraction of natural antioxidants from tomate has been evaluated by different researchers
{(Luengo et al., 2014; Papaioannou and Karabelas, 2012).

The application of ultrasound as a laboratory-based technique for assisting extraction from
plant material is widely published (Vilkhu et al., 2008). Among the several types of sonicator
systems currently available, bath and probe-type sonicators are used. The homogenization is also
a process which is commonly used for assisting extraction (Castillo-Munoz et al., 2009),

By now, it is known that ultrasound and microwave radiation could accelerate the extracting
process and this may improve bicactive compound extraction (Stanisavljevic ef al., 2007,
Hoang et al., 2007, Wang and Weller, 2006). The interest on applying sonochemistry to natural
product extraction has increased because of its advantage (e.g., reduction in extraction time, saving
in energy, increased vield, ete.) (Rodrigues ef al., 2008), Microwave assisted extraction heats the
extracts quickly and accelerates the extraction process for adsorption and desorption of the targeted
compounds from matrix, while its disadvantage is in homogeneous heating (Hemwimon et al., 2007,
Proestos and Komaitis, 2008).

The ohjective of this study was to obtain optimum conditions suitable for maximum extraction
of natural antioxidants from tomato waste particularly polyphenclics compounds. Conventional and
novel assisted extraction methods, namely, ultrasound and microwave with other extraction
parameters were used. Moreover, different hydrophilic and lipophilic extraction solvents including
eco-friendly sclvents were used. The total vield, phenolics, flavonoids and carotencids (expressed
as lycopene) and antioxidant activity were spectrophotometrically evaluated. Preliminary HPLC
analysis of selected extracts was carried out to detect some antioxidant components as tral for

future detailed investigation.

MATERIALS AND METHODS

Chemicals: All solvents are analytical grade, were purchased from Elnasr Pharmaceutical
Chermeals Co. (ADWIC), Egypt. (S)-(-)-ethyl lactate were purchased from Merek Schuchardt OHG,
Germany. Folin-Ciocalteu reagent were purchased from Sisco Research Laboratories Chemieals,
India. DFPH from Sigma-Aldrich (St Louis, MO, USA). B-carotene from Acmatie, Egypt and linoleic
acid from MP biomedicals, France.

Preparation of tomato waste samples: Tomato-processing waste, composed of skin and seeds,

was supplied by Kaha for Preserved Food Factory in 2012, Moisture content was determined for

fresh tomato processing waste (80%). The material was subsequently air dried for 2 days,
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homogenized in a domestic blender and ultimately ground in a laboratory mill (Janke and kunkel,
IKA-labortechnilk). Moisture content of ground dry tomato waste amounted to be 6.5540.195 and
kept at 4°C until needed (Strati and Oreopoulou, 2011).

Extraction of antioxidant compounds: Different hydrophilic and lipophilic solvents
{distilled water, ethanol, isopropanacl, ethyl lactate, ethyl acetate and n-hexane) were used for
obtaining different extracts from tomato waste. Tomato waste (b g) was extracted in 50 mL of each
above mentioned solvents individually at 20 and 60°C for stirring time of 10, 20, 30, 40, 50 and
60 min, however, 40 min was found to be more suitable for stirring time (Duh, 1998},

Tomato waste (5 g) was extracted in 50 mL distilled water, ethanol, isopropanol, ethyl lactate,
at 20 and 80°C for 40 min by immersing the flask in the ultrasonic water bath (NEY Ultrasonik
28 H, 220V b0/60 Hz 9A 200 W), at 20 and 80°C for 40 min (Navarro-Gonzalez ef al., 2011). EKthyl
acetate and hexane were excluded as they gave very low yield beside their toxicity.

The simple microwave-assisted extraction was performed using a microwave oven
(Samsung model 9245, MB 245) with emission frequency of 2450 MHz and maximum output power
750 W, Samples of 5 g of the dried powder were extracted with 50 mL of distilled water at 30,
60 and 90 sec at water boiling point while other organic solvents were excluded to prevent risk of
explosion (Zheng et al., 2011).

The wyield of solvent extracts was determined for all extraction methods and expressed as
mg/100 g dry tomato waste (DW) (Duh, 1998).

Determination of antioxidant components: Total phenclic compounds were analyzed in
extracts using a modified Folin-Ciocalteu colorimetric method using a UV-wisible spectrophctometer
{Shimadzu, UV-spectrophotometer UV-240). Turkidity of some samples was chserved, therefore,
the samples were subjected to centrifugation to obtain clear scolution for accurate
measurements. The results were calculated as mg Gallic Acid Equivalents (GAE) per 100 g
(DW) (Chang and Liu, 2008).

Total Flavonoid (TF) contents of tomato waste extracts were determined by a modified
colorimetric method described previously (Navarro-Gonzalez et al., 2011). TF content was expressed
as mg catechin equivalents per 100 g DW.

The carotenoid content (expressed as Iycopene) of the extracts was measured
spectrophotometrically  (Shimadzu, UV-spectrophotometer UV-240) at A, (Strati and
Oreopoulou, 2011),

Determination of antioxidant activity
DPPH Radical Scavenging Assay (R.S.A): The decrease of the absorption at 515 nm
wavelength of the DPPH" solution (1,1-diphenyl-2-picryl-hydrazil) after addition of the blank or
sample extract was measured. The 3.9 mL of methanclic DPPH" solution (0.0024 mg/100 mL) were
mixed with 150 uL of sample extract and after 20 min the absorption was measured at 515 nm
{(Musa et al., 2011).

From plotting of different concentrations of each solvent antioxidant extracted under optimum
conditions against R.5.A, EC, was calculated via equation.

p-carotene-linoleic acid oxidation method (Coupled autoxidation): Antioxidant activity was
also determined by [p-carotene-lincleic acid bleaching method (coupled autoxidation)
{Guil-Guerrere and Rebolloso-Fuentes, 2009).
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HPLC analysis of tomato extract: HPLC analysis was carried out according to Talhaoui ef al.
{2014) in cooperation with research group on Faculty of Food Science, Wroclaw University of
Environmental and Life science, Poland. The selected samples analyzed were ethyl lactate and
water extracts using ultrasound assisted extraction method at 60°C for 40 min extraction time.

Statistical analysis: Results are presented as the Mean+Standard deviation from three replicates
of each experiment. A p-value <0.0b5 was used to denote significant differences between mean
values determined by the Analysis of Variance (ANOVA) with the assistance of Statistica 7.0
{(Stat Soft Inc., Tulsa, OK) software.

RESULTS

Effect of novel assisted extraction methods on extracts yield: From the results recorded in
Table 1, it was found that after 10, 20 and 30 min extraction time lower results were observed,
however, after 40, 50 and 60 min extraction time nearly similar and higher results were observed.
It was found that no marked difference concerning results of antioxidant component and
antioxidant activity of extracts carried out at 40 and 60 min extraction time at all temperatures.
Therefore, 40 min is economically suitable for conventional extraction method. Distilled water
extract was more efficient than other solvents extracts in obtaining higher yield (15540 mg/100 g
DW at 20°C and 19380 mg/100 g DW at. 60°C at 40 min) from tomato wastes. However, other
solvents (ethanol, isopropancl, ethyl lactate, ethyl acetate and n-hexane) gave lower yields
(6960, 7220, 7960, 8200 and 7700 mg/100 g DW at 20°C and 10400, 9380, 8660, 9640
and 8920 mg/100 g DW at 80°C at 40 min), respectively.

Ultrasonic Assisted Extractions method (UAE) at 20 and 60°C for 40 min showed that distilled
water extract contained higher vield than other solvents. It was found that other solvents gave
different. yields but ethyl lactate was superior {(at 20 and 60°C) to ethanol and isopropanol.
Microwave-Assisted Extraction method (MAF) 15 a relatively new extraction technmque and use only
water as solvent extraction owing to its high dielectric constant and is a common solvent,
{Afoakwah et al., 2012). In case of MAE, it was found that the yield of natural antioxidants
increased as extraction time increased. It was concluded that water extract exhibited higher yield

than the other solvents when using both conventional and novel assisted extraction methods.

Table 1: Total yields (mg/100 g DW) of tomato waste extracts using conventional and novel assisted extraction methods and different

solvents

Novel assisted extraction methods

Conventional extraction

method (40 min) UAE (40 min) MAE
Solvent 20°C 60°C 20°C 60°C 100°C, 30 sec 100°C, 60 sec 100°C, 90 sec
Water 15544+23.00 19380+24.32 15280+16.30 15460+£15.52 15700+£13.64 15900+£15.16 16060+15.31
Ethanol 6960+13.31 10400+19.05 8460+11.22 9640+10.11
Isopropanol 72204+14.73 9380+£17.71 5860+13.63 7960+£13.09
Ethyl lactate 7960+11.78 8660+18.06 9340+12.24 9740+9.6
Ethyl acetate 8200+£13.05 9640+£13.06
Hexane 7700+14.84 6920+15.63

UAE: Ultrasound assisted extraction method, MARE: Microwave assisted extraction method, -: Not determined
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Effect of novel assisted extraction methods on natural antioxidant content: By measuring
the amounts of polyphenols extracted for different extraction times at 20 and 60°C, it was found
that water extract was superior to all other solvents extracts. Using conventional extraction method
maximum value of total phenolic was achieved when using water as a solvent and lower values
were obtained in case of using other solvents. However, higher phenolic contents were observed at,
60°C than at 20°C for all solvents extracts.

In case of novel assisted extraction methods, UAE at 20 and 60°C after 40 min extraction time
showed that, water extract contained highest amounts of total phenolics. Remarkably, ethyl lactate
extract at 20°C gave higher yield of phenolic compounds than ethanol and 1sopropancol extracts.
However, at 60°C ethanol extract gave the higher yield of phenolic compounds than isepropancl
and ethyl lactate extract. In case MAE only water was used as solvent for safety reasons. It was
found that MAE had great affect on water extract of total phenolie, showing higher extraction
capacity in case of 90 sec time of extraction, while at 30 and 60 sec of extraction gave 335.5 and
375 mg gallic acid/100 g DW, respectively. It was found that water extract gave higher phenolics
content in conventional, UAE and MAE methods.

Concerning other constituents of polyphenols namely, flavonoids, it was showed clearly that
in conventional extraction method after 40 min extraction time, water followed by ethanol and
ethyl lactate extracts gave a higher yields of flavonoids (86.88, 61.86 and 5.33 mg catechin/100 g
DW at 60°C), respectively and (42,77, 43.63 and 42.82 mg catechin/100 g DW at 20°C),
respectively. On the contrary, hexane exhibited lower yield of flavonoids of 11.84 and 6.68 mg
catechin/100 g DW at 60 and 20°C, respectively, while moderate amounts of flavonoids of
35.565, 51.33 and 44.91 mg catechin/100 g DW were given by to isopropanol, ethyl lactate and ethyl
acetate extracts, respectively.

Higher flavoncid content when using UAE method at 60°C was obtained in water extract
nearly equal to ethyl lactate extract, however at 20°C the flavonads yield was higher in ethyl
lactate extract. In case of MAK method, it was found that the total flavenocids in water extract
increased as extraction time increased.

Polyphenols of tomato waste extract (phenolics and flavoneids) are potential source of powerful
antioxidants and can be used as an easily accessible source of antioxidants. Moreover, superiority
of flavonoids fraction over phenolics, particularly in modulating lipid peroxidation in certain
diseases and can be expressed by the ratic (TFC/TPC) (Jia ef al., 1999; Savatovic ef al., 2010).

Concerning the carotenoids content lycopene has attracted the greatest attention for its
potential health benefits (Zuorro et al., 2014). Extraction of lycopene at 20 and 80°C using
conventional extraction method with different solvents at different stirring times, showed that the
best results were observed after 40 min extraction time for all solvents extracts. Ethyl acetate and
hexane extracts gave the higher lycopene content than other solvents while water extract gave the
lowest values.

In case of UAE method, it was found that at 60°C water, ethanol, isopropanol and ethyl lactate
extracts gave 0.9, 2.87, 2.64 and 4.02 mg/100 g DW, respectively. Meanwhile, at 20°C the
corresponding values of lycopene were 0.79, 2.86, 1.7 and 4.29 mg/100 g DW. From these results,
it was found that ethyl lactate extract, as eco-friendly solvent, generally is an efficient solvent for
the extraction of lycopene at 20 and 60°C. MAE method gave higher content of lycopene at
90 sec amounting to 0.56 mg/100 g DW, while it amounts to 0.37 and 0.51 mg/100 g DW at 30 and
60 sec, respectively (Table 2).

Effect of novel assisted extraction methods on antioxidant activity of extracts: DPPH
and P-carotene-lincleic acid bleaching method were used for evaluation of the antioxidant activity
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Table 2: Antioxidant content (total phenolic, total flavonoids and lycopene) of tomato waste extracts using conventional and novel

asgisted extraction methods and different solvents

Novel assisted extraction methods

Conventional extraction

method (40 min) UAE (40 min) MAE
Salvent 20°C 60°C 20°C 60°C 100°C, 30sec  100°C, 60sec  100°C, 90 sec
Water
LC 0.3240.12 0.88+0.03 0.79+0.02 0.90+£0.03 0.37+0.04 0.51+0.02 0.5620.03
TPC 384.16+3.07 410.00+4.16 469.00+2.80 460.00+4.04 355.50£4.83 375.0045.05 377.5045.50
TFC 42, 77+0.61 66.88+3.90 47.77+0.23 62.22+0.58 43.33+1.30 46.66+1.70 49.89+2.70
TFC/TPC 0.111 0.163 0.101 0135 0.121 0.124 0132
Ethanol
LC 2.66+£0.08 5.46:0.25 2.86+0.05 2.87£0.17 - - -
TPC 101.504+1.80 140.83+2.88 120.50+1.80 162.50+£1.70 - - -
TFC 43.5340.65 61.86+2.85 48.53+0.33 62.2210.56 - - -
TFC/TPC 0.428 0.439 0.402 0.382 - - -
Isopropanol
LC 2.022+0.56 4.5+0.180 1.70+0.06 2.64+0.14 - - -
TPC 89.000+1.85 138.83+2.44 57.70+1.00 108.00+2.07 - - -
TFC 23.950+0.66 35.55+3.41 26.13+0.22 31.88+0.66 - - -
TFC/TPC 0.269 0.256 0.452 0.295 - - -
Ethyl lactate
LC 3.8510.15 5.05x0.07 4.20+0.04 4.02£0.08 - - -
TPC 72.29+0.80 125.46+2.26 140.8+1.250 107.90+1.55 - - -
TFC 42.82+0.69 51.33+2.35 52.22+0.36 61.11+0.49 - - -
TFC/TPC 0.592 0.409 0.37 0.566 - - -
Ethyl acetate
LC 8.88+0.14 7.52+0.28 - - - - -
TPC 55.77£0.73 69.37+1.40 - - - - -
TFC 25.5540.70 44.91+2.14 - - - - -
TFC/TPC 0.458 0.647 - - - - -
Hexane
LC 6.99+0.11 6.57+£0.29 - - - - -
TPC 48.68+1.05 50.75+1.55 - - - - -
TFC 6.68+0.45 11.84+1.36 - - - - -
TFC/TPC 0.137 0.233 - - - - -

UAE: Ultrasound assisted extraction method, MAE: Microwave assisted extraction method, TPC: Total phenolic content
(mg gallic acid/100 g DW), TFC: Total flavonoid content (mg catachen/100 g DW), LC: Liycopene content (mg/100 g DW), -: Not determined

of the sclvent extracts by conventional and novel assisted extraction methods. It was found that
R.5.A values obtained by DPPH 1n case of conventional extraction method were good for water
extract, lower for hexane extract and moderate for other solvent extracts. In addition EC,, values
indicated that at 20°C water extract give higher antioxidant potency than the other solvents
extract, while at 60°C ethanol and ethyl lactate extracts gave higher values than other solvents
extracts. Hexane extract gave the lowest antioxidant potency and this may be due to lower
efficiency of hexane to extract completely the antioxidant compounds. Comparing conventional
method with novel assisted extraction methods it was indicated that MAK gave higher anticxadant,
potency which increase by increasing extraction time as represented by 37.44, 34.58 and 33.92 at
30, 60 and 90 sec, respectively. In case of UAK better results were obtained in ethanol and
isopropanol solvent extracts at 20 and 60°C.
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Table 3: Antioxidant activity (DPPH, ECs, and A.0.A%) of tomato waste extracts using conventional and novel assisted extraction

methods and different solvents

Naovel assisted extraction methods

Conventional extraction

method (40 min) UAE (40 min) MAE
Solvent 20°C 60°C 20°C 60°C 100°C, 30 sec 100°C, 60 sec 100°C, 90 sec
Water
R.S.A% 43.504£0.59 42.67+0.42 31.2040.45 32.31+0.33 47.35:0.51 56.6440.42 £9.3940.49
ECs, 50.42+0.71 68.82+0.76 53.68+0.36 51.06:0.38 37.4440.43 34.5840.44 33.9240.37
AO.A% - 50.43+0.53 - 77.10+£0.30 55.50£0.45 59.4940.46 66.87+0.40
Ethanol
R.S.A% 20.414£0.46 39.234+0.40 30.05+0.35 29.26+0.39 - - -
ECs, 55.18+0.50 42.42+0.47 44.04+0.42 35.65+0.41 - - -
AOA% - 58.68+0.42 - 99.69+0.47 - - -
Isopropanol
R.S.A% 14.74+0.55 28.98+0.41 17.28+0.39 23.27+0.40 - - -
ECs, 87.93+0.66 50.62+0.50 44.884+0.47 41.31+0.43 - - -
AOA% - 509.62+0.44 - 82.16+0.33 - - -
Ethyl lactate
R.S.A% 25.784+0.32 40.404£0.47 21.05+0.26 24.87+0.45 - - -
ECs, 74.44+0.48 47.47+0.48 82.28+0.45 63.12+0.45 - - -
AOA% - 46.26+0.45 - 52.48+0.34 - - -
Ethyl acetate
R.S.A% 20.00+0.44 21.36+0.46 - - - - -
EC;, 67.61+0.51 56.97+0.44 - - - - -
AO.A% - 81.7840.59 - - - - -
Hexane
R.S.A% 5.87+0.39 13.66+0.43 - - - - -
ECs, 120.10+0.78 92.9210.58 - - - - -
AOA% - ve - - - - -

UAR: Ultrasound assisted extraction method, MAK: Microwave assisted extraction method, R.S.A%: Radical scavenging activity
(DPPH method), ECs,: Concentration of extract that causes a 50% decrease in DPPH absorbarnce, A QA%+ Antioxddant activity

(value represent the percent inhibition of oxidation of the linoleic acid/{3-carotene emulation), -: Not determined

From p-carotene-lincleic acid bleaching method (coupled autoxidation), the activity of solvents
extracts are calculated as antioxidant activity {A.O.A%). The A.O.A% of conventional extraction
method at 60°C of water, ethanol, 1sopropancl, ethyl lactate and ethyl acetate extracts were found
to be 50.43, B8.68, 59.62, 46.25 and 81.78%, respectively, the results were supported by the data
reported by Barros ef al. (2007). The higher value of A.0.A% of ethyl acetate extract may be due
to the higher criginal lycopene content in ethyl acetate extracts than other solvents extracts.
Therefore, synergism may arise between different antioxidant components. Unexpectedly, negative
value of A.O.A% shown in hexane extract may be due to interfering compounds preventing the
actual absorption. It should be noteworthy that repeated test gave the same negative value and
this was supported by some researchers authors dealing with similar evaluation (Wang and Weller,
2006).

In UAE method at 60°C ethanol extract gave higher value, followed by isopropanol extract,
water extract and ethyl lactate extract (99.69, 82.16, 77.10 and 52.48), respectively. However, in
MAE method lower values were generally obtained (Table 3).
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Fig. 1: Peak assignment of HPLC of some particular antioxidants mainly poly-phenols and
carotenoids in ethyl lactate extract of tomato waste, using UAEK method; Peaks standing for,
1: Rutine, 2: Dihydroquerecetin, 3: Lutein, 4: Lycopene, 5: Lycopene isomers, 6: p-carotene
and 7: p-carotene isomers

HPLC analysis: Ethyl lactate and water extracts using UAE method at 60°C after 40 min
extraction time was selected to HPLC analysis due to their high antioxidant activity.

HPLC preliminary results showed that ethyl lactate extract may stand for rutine, rutine
derivatives, dihydroquercetine, lutein, lycopene, lycopene isomers, B-carotene and [p-carotene
isomers as shown in Fig. 1. However, water extract may give higher concentration of phenoclic
compounds rather than lipephilic compounds (e.g., lycopene and p-carotene) (Fig. 2).

DISCUSSION

By using the conventional and novel assisted extraction methods with different solvents at
20 and 60°C for different time intervals, it was found that the extraction efficiency was affected by
the assisted extraction methods, solvent type, temperature and extraction time. As extraction time
and temperature increased, the yield, antioxidant content (total phenoclics, flavonoids and
carotencids) and antioxidant activity increased. Total phenolics including flavonoids content were
found te be higher in distilled water, ethanol, isopropanol and ethyl lactate extracts (hydrophilie
solvents), however, the lower values were found in ethyl acetate and hexane extracts (lipophilic
solvents). In contrary lycopene content was higher in lipophilie solvents but lower in hydrophilic
solvents (Xianquan et al., 2005).
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Fig. 2: Peak assignment of HPLC of some particular antioxidants mainly poly-phenols and
carctenoids in water extract of tomato waste, using UAE methed; Peaks standing for,
1: Rutine, 2: Dhihydroquerecetin, 3: Liyeopene, 4: Liycopene 1somers and 5: f-carotene

It is worth to mention that ethyl lactate as extraction sclvent gave high value in both total
phenolies and lycopene content so it act as hydrophilic and lipophilic solvent which is used newly
and widely as eco friendly solvent.

Total phenolic content of Kgyptian tomate waste extracted using UAE method and water as a
solvent at 20°C reached superior value of 469 mg gallic acid/100 g DW. This result surpasses most
of the previously reported data (Navarro-Gonzalez ef al., 2011; Toor and Savage, 2005). Lycopene
extracted using conventional method at 20°C for 40 min in ethyl acetate and hexane reached to
markedly high values of 8.88 and 6.9 mgf/100 g DW, respectively which is also surpasses most of
the previcusly reported data (Strati and Oreopoulou, 2011; Naviglio et al., 2008; Vagi et al., 2007).
This proves that the Egyptian tomato waste extract is enriched in lycopene and phenclic
compounds. These results highlighted the nature of Egyptian soil as well as, cultivated variety of
tomato.

The antioxidant activity (EC,,, DPPH and A.C.A%) also increased as extraction time and
temperature increased. The highest value of antioxidant activity was obtained by water and
ethanaol extracts while lowest value was obtained in case of hexane extract in conventional
extraction method. This means that the lipophilic solvent such as hexane is not efficient. enough
to extract completely the antioxidant compounds. Different sclvents have selectivity for certain
antioxidant compounds in dry tomato waste, Accordingly the selectivity of ethyl lactate is higher
than any other solvent.
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B-carotene-linoleic acid bleaching method model system, gave reasonably higher values of
activity in extracts of water, ethanol, isopropancl and ethyl lactate but the highest activity value
is obtained by ethyl acetate extract in conventional extraction method. This may be due to the
higher original lycopene content in the sample as dominant antioxidant compound. Hexane extract
gave unexpectedly negative value of the A .O.A%. This may be due to interfering compounds
preventing the actual absorption. It should be noteworthy that repeated test gave the same
negative value result. This was supported by some authors dealing with similar evaluation
(Durmaz et al., 2010).

Using UAK as novel extraction method, it gave lower yield and lycopene content than
conventional method but it gave higher total phenclics content than conventional and MAE method
when using distilled water and ethanol as extraction solvent.

From EC,, it was found that UAE gave the higher antiradical scavenging activity than
conventional method for distilled water, ethanol and 1sopropanol, while MAE gave highest value
for distilled water extract in both conventional and novel extraction methods. For A.0O.A% UARK
gave the higher value in all cases followed by MAE and conventional method.

UJAE method was found to be suitable and preferable over other methods (conventional and
MAE method) due to an improvement in mass transfer and assistance of thermal treatment
{Knorr et al., 2011).

CONCLUSION

It was concluded that safe and cheap eco-friendly solvents (water and ethyl lactate) gave both
higher yield and antioxidant activity using novel assisted extraction methods. UAE and MAE were
found to be more efficient than conventional extraction methods. It is generally concluded that
promising results require not enly the yield of solvent extract and type of solvent but also its total
antioxidant activity of components were obtained. From HFPLC preliminary investigation it was
found that lycopene was the predominant component in lipophilic sclvent extract whereas,
phenclics were also the predormnant components in the hydrophilic solvent extract. The results
prove that the Egyptian tomato waste is enriched in lycopene and phenolic compounds and results

highlighted the nature of Egyptian soil as well as, cultivated variety of tomato.
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