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Abstract
The tomato processing wastes are rich in lycopene pigment, which can be consumed as a natural food colorant and bioac-
tive ingredient. The present study investigates the appropriateness of ultrasound pretreatment and enzymatic treatment 
with cellulase and pectinase enzymes to extract lycopene pigment from tomato processing wastes using response surface 
methodology (RSM). To achieve this goal, a central composite design consisting of four independent variables including 
cellulase concentration (0–10%), pectinase concentration (0–5%), ultrasonic time (0–60 min) and pH (3.5–5.5) was used to 
examine the influences of these process variables on the lycopene extraction. The second order model of lycopene extraction 
obtained from RSM analysis had the p value less than 0.001 and represented a coefficient of determination (R2) of 93.82%. 
Thus, a satisfactorily agreement between experimental and predicted values for lycopene content obtained by the second 
order model was observed. In addition, the Fourier Transform Infrared spectroscopy results did not show any destruction of 
functional groups of the investigated extracts containing lycopene pigment. Scanning electronic microscopy images from 
the remaining tomato processing wastes after treatment with more lycopene content extraction demonstrated more porous 
structure. These results implied that ultrasound-assisted enzymatic extraction was an efficient extracting method.
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Abbreviations
RSM	� Response surface methodology
FTIR	� Fourier transform infrared spectroscopy
SEM	� Scanning electronic microscopy
BHT	� Butylated hydroxytoluene
KBr	� Potassium bromide
DM	� Dry matter

Introduction

Lycopene (C40H56), a red carotenoid pigment, has a free 
radical quenching ability twice as high as that of β-carotene 
and 10 times higher than that of α-tocopherol [1]. Therefore, 
lycopene consumption has been correlated with a lower risk 
of cancer [2] as well as inflammatory, cardiovascular and 
coronary heart diseases [3]. Owing to its health benefits, 
strong color, non-toxicity and great fat and oil solubility, 

lycopene is used as a natural and functional colorant in the 
food industry [3] instead of synthetic colorants to enhance 
sensory quality [1], nutritional advantages and storage sta-
bility of foods [3]. It is noteworthy to mention that the solu-
bility of lycopene in vegetable oils is approximately 0.2 g/L 
at room temperature [4].

Recently, there has been a growing interest and demand 
for natural lycopene pigment owing to its biodegradability 
and compatibility with the environment [5]. Thus, lycopene 
supplements currently arouse interest in food, pharmaceuti-
cal, nutraceutical, cosmetic [3] and feed industries [6]. To 
respond to the growing need for natural lycopene, there has 
been an increasing interest in the development of lycopene 
from natural sources [7], especially tomatoes as its main 
natural source [6]. In addition, other raw materials such as 
tomato processing waste are considered a rich and interest-
ing source of lycopene [8]. Tomato industrial waste, a by-
product during production of tomato juice, paste, puree [9], 
sauce, and ketchup [10], represents up to 40% of the initial 
fresh tomato amounts processed [10]. The use of tomato 
industrial waste as a source of lycopene pigment suggests 
great potential managing the waste [11] to save money in 
waste disposal [12].
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The conventional solvent techniques of lycopene extrac-
tion from plant materials often require a large quantity of 
solvents [13]. Consumption of a large quantity of solvents 
is dangerous to humans and the environment [14] due to 
considerable waste amount of poisonous and toxic solvents 
[15], being highly dangerous to the operator’s health [16]. 
In more details, for instance, hexane is highly inflammable 
and there is still the danger of severe accidents [17]. Metha-
nol and acetonitrile are toxic, environmentally unfriendly 
and pose more dangers to the operator [16]. In addition, the 
conventional extraction techniques are time-consuming with 
low yields [14]. Thus, to reduce the price of lycopene, using 
appropriate technologies such as ultrasound and enzymatic 
extraction methods [18] for its recovery seems to be neces-
sary [19].

Ultrasound is now recognized as an economical, simple 
and effective method in the food industry for extraction pur-
poses [9]. Ultrasound leads to cavitation, being generally 
described as the creation, growth, and collapse of bubbles in 
a liquid [14]. Cavitation can result in locally high pressures 
and temperatures [20] as well as producing disruption of cell 
walls, turbulence and liquid circulation currents, which can 
result in better penetration of solvent into the sample matrix 
and increase of the release of contents [21]. The interest in 
applying ultrasound to extract natural product has improved 
due to its advantages of a significant decrease in extraction 
time, economizing energy consumption [22], low water 
usage (no reflux is needed) [23], less solvent consumption, 
lack of toxic chemical involvement and low temperature 
[24].

Application of hydrolytic enzymes like cellulase and pec-
tinase enzymes, which can degrade the cell wall constituents 
[25], is an efficient and mild method to facilitate the recovery 
of lycopene [8]. Theses enzymes have been often employed 
because cellulose and pectin are the dominant components 
of the plant cell wall [25]. In addition, these enzymes are 
effective even at ambient temperatures and at short extrac-
tion times to prevent lycopene degradation [19]. Enzymatic 
process can be used in combination with other methods for 
lycopene extraction. For instance, it was used as pretreat-
ment for laboratory scale supercritical CO2 extraction of 
lycopene from tomatoes [26].

Here, the lycopene extraction from tomato processing 
waste was investigated by ultrasound-enzymatic method to 
improve the lycopene content of the extracts. To achieve 
this goal, the influence of four variables (cellulase concen-
tration, pectinase concentration, ultrasonic time and pH) 
on the extraction yield of lycopene from the tomato pro-
cessing waste was investigated using the response surface 
methodology (RSM). The study also contains understand-
ing the influence of some selected ultrasound-enzymatic 
extraction treatments on the functional groups of the 
extracts using Fourier Transform Infrared (FTIR) spectra. 

In addition, scanning electronic microscopy (SEM) analy-
sis was performed to investigate the dependency of the 
extraction yield of lycopene on sample microstructures.

Materials and methods

Chemicals and reagents

Acetone, methanol, n-hexane, potassium bromide (KBr), 
and disodium phosphate (Na2HPO4) were purchased from 
Merck Company, Darmstadt, Germany. Butylated hydrox-
ytoluene (BHT) and citric acid were purchased from 
Sigma Chemical Company, St. Louis, MO, U.S.A. Cellu-
lase enzyme (activity of 167 µkatal/g) was purchased from 
CN LAB Nutrition, Asian Group, Shaanxi P. R. China. 
Moreover, pectinase enzyme (activity of 500 µkatal/g) was 
purchased from XI’AN Rongsheng Biotechnology CO., 
LTD., Shaanxi Province, P. R. China. It is worth mention-
ing that enzyme activity in the International System (SI) of 
units is the katal, being defined as the amount of enzyme 
that converts one mole of substance per second [27].

Sample preparation

Fresh red tomatoes were purchased from a local supermar-
ket (Shahinshahr, Isfahan, Iran). After removing damaged 
parts, washing with tap water and chopping into smaller 
pieces, they were blended using a mechanical blender 
(Model Depose type 241, Moulinex, Paris, France). The 
puree was passed through a sieve to obtain the tomato 
processing waste composed of skin and seeds. Moisture 
content of fresh tomato processing waste was determined 
by oven method at 105 °C to obtain constant weight, and 
was found to be 89.5 ± 1.0 g water/g product. The tomato 
processing waste was air dried in an oven (Model inc-55, 
Alfa, Isfahan, Iran) with air circulation at 45 °C for 96 h 
until obtaining constant weight and moisture content of 
6.4 ± 0.1 g water/g product. After that, dried tomato pro-
cessing waste was powdered in a laboratory mill (Model 
Depose type 241, Moulinex, Paris, France). Particle size 
distribution of tomato processing waste powder was deter-
mined by static light scattering (Horiba, LA-930, Kyoto, 
Japan). The results of Fig. 1 show that the mean parti-
cle size diameter is 150.7 ± 118.3 (µm). The final sample 
powder was immediately filled into polypropylene pouches 
wrapped with an aluminum foil and stored in a refrigerator 
(Model G26, Samsung Electronics Co., Suwon, Kyunggi 
Province, South Korea) at − 15 °C prior to later use.
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Extraction procedure

1.14 ± 0.003 g of dried tomato processing waste powder 
was extracted in a glass laboratory tube using 40 mL of a 
solvent mixture of hexane, acetone and methanol (2:1:1) 
containing 0.02 g butylated hydroxytoluene (BHT) for each 
treatment [18]. The suspension was extracted in an ultra-
sonic bath (Model 300, Pulse, Milan, Italy) at a fixed tem-
perature of 40 °C and at a frequency of 250 Hz. As Table 1 
shows, ultrasonic extraction time varied from 0 to 60 min. 
Table 2 shows the exact ultrasonic pretreatment time for all 
treatments. After ultrasonic pretreatment, the mixture was 
transferred into a conical flask. Then, the exact amounts of 
pectinase and cellulase enzymes (according to Table 2) were 
dissolved in a 7.5 mL buffer solution of 0.2 mol/L citric acid 
and 0.2 mol/L disodium phosphate (Na2HPO4) with desired 
pH (according to Table 2). According to Table 2, the mixture 
of solvent, sample and enzymes was finally adjusted to the 
desired pH from 3.5 to 5.5 with the mentioned buffer solu-
tion. The obtained slurry was incubated in a shaking incuba-
tion (Fan Azma Gostar, Tehran, Iran) at the temperature of 
57 °C and regular shaking of 120 rpm for 17 min. It should 
be mentioned that the incubation temperature of 57 °C and 
incubation time of 17 min were selected based on the results 
of some pretests for the most lycopene content extractions. 

After incubation, the pectinase and cellulase enzymes were 
inactivated by immersing the conical flask in boiling water 
for 3 min [28]. After that, the mixture was filtered by filter 
paper. Next, the sample was left at room temperature in the 
dark for 5 min to allow the separation of phases. Finally, 
the upper layer containing lycopene pigment was collected 
and stored at 4 °C in the dark and the following tests were 
conducted on the extracts.

Quantification of lycopene content

The absorbance value of the extracts at 503 nm (λ) in a 1 cm 
path length quartz cuvette was performed to determine lyco-
pene content using a UV visible spectrophotometer (Ray-
leigh-UV 9200, Beijing, China). The lycopene content (mg/
kg or µg/g) was calculated using the following formula [25]:

where, Absorbance503 is absorbance of the extract at 503 nm 
and 31.2 is a constant [29].

Fourier transform infrared (FTIR) spectroscopy

FTIR spectroscopy has unique advantages such as simple 
sample preparation, rapid analysis and satisfactory preci-
sion and sensitivity. These features make it an outstanding 
method to quantify specific compounds within food [30]. 
To perform this test, a potassium bromide (KBr) pellet was 
prepared. Next, 1 to 2 drops of extract were poured on KBr 
pellet using capillary tube. The spectra of the extracts were 
obtained with the spectral region of 450–4000 cm− 1 to 
gain more information about their characteristic functional 
groups and to examine the possibility of their damage due 
to extraction processes [31, 32]. The spectra of the three 
selected extracts obtained from the first treatment of Table 2 
(cellulase concentration of 5 g/100 g DM, pectinase con-
centration of 0 g/100 g DM, sonication time of 30 min and 
pH of 4.5) having the highest lycopene content extraction, 
the second treatment of Table 2 (cellulase concentration 
of 5 g/100 g DM, pectinase concentration of 2.5 g/100 g 

(1)

Lycopene content (mg/kg) =
Absorbance503 × 31.2 × Dilution
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Fig. 1   Picture of the final prepared tomato processing waste and its 
particle size distribution diagram

Table 1   The un-coded and coded levels of independent variables of cellulase concentration, pectinase concentration, ultrasonic time and pH 
used in the RSM design for dependent variable of lycopene content under different ultrasonic-enzymatic extraction treatments

Independent variables Code units Levels

2 1 0 − 1 − 2

Cellulase concentration (g/100 g dry matter) X1 10 7.5 5 2.5 0
Pectinase concentration (g/100 g dry matter) X2 5 3.75 2.5 1.25 0
Ultrasonic time (min) X3 60 45 30 15 0
pH X4 5.5 5 4.5 4 3.5
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DM, sonication time of 30 min and pH of 3.5) having the 
least lycopene content extraction, and the optimal treatment 
(cellulase concentration of 2.5 g/100 g DM, pectinase con-
centration of 0.8 g/100 g DM, sonication time of 60 min 
and pH of 5.3), being explained in the optimization section, 
were obtained at room temperature using FTIR spectroscopy 
(Model Spectrum 65, Norwalk, Connecticut, PerkinElmer, 
U.S.A).

Scanning electron microscopy (SEM)

To evaluate any changes in the microstructure of tomato 
waste powders as a result of the examined extraction 

treatments, the photos of remaining residues obtained 
after the extraction treatment having the highest lycopene 
content extraction (the first treatment of Table 2) and the 
extraction treatment having the least lycopene content 
extraction (the second treatment of Table 2) were taken 
by the Scanning Electron Microscope (Model EM3200, 
KYKY, Beijing, China) at an accelerating voltage of 
26 kV. The mentioned treatments were compared with 
each other and with control sample (tomato processing 
waste powder without application of any type of extraction 
processes on it). To take the SEM images, the surface of a 
low amount of sample was plated with a conductive mate-
rial (a fine layer of gold) using a gold deposition device 

Table 2   Central composite experimental design for the four independent variables and experimental and predicted values of dependent variable 
of lycopene content (mg/kg DM) under different ultrasonic-enzymatic extraction treatments

Treatment Independent variables Dependent variable

X1: cellulase concentra-
tion (g/100 g DM)

X2: pectinase concentra-
tion (g/100 g DM)

X3: ultrasonic 
time (min)

X4: pH Experimental values 
(mg/kg DM)

Predicted 
values (mg/kg 
DM)

1 5 0 30 4.5 94.3 101.0
2 5 2.5 30 3.5 19.7 27.4
3 7.5 3.75 45 4 33.0 21.8
4 2.5 1.25 45 5 66.5 61.5
5 5 2.5 30 5.5 86.4 92.9
6 2.5 1.25 45 4 28.0 23.7
7 5 2.5 30 4.5 40.7 35.3
8 5 2.5 30 4.5 36.1 35.3
9 7.5 1.25 15 4 71.0 60.7
10 7.5 1.25 15 5 80.8 77.6
11 2.5 3.75 45 5 81.4 78.2
12 7.5 1.25 45 4 27.6 28.9
13 2.5 3.75 45 4 27.2 29.6
14 2.5 1.25 15 4 87.4 86.2
15 5 2.5 30 4.5 45.5 35.3
16 5 2.5 30 4.5 25.7 35.3
17 2.5 1.25 15 5 81.6 79.4
18 5 2.5 30 4.5 31.3 35.3
19 2.5 3.75 15 5 74.9 73.0
20 5 2.5 30 4.5 38.8 35.3
21 0 2.5 30 4.5 45.3 51.4
22 5 2.5 60 4.5 22.2 26.3
23 5 2.5 30 4.5 29.2 35.3
24 7.5 3.75 15 4 26.2 30.5
25 2.5 3.75 15 4 79.8 69.0
26 7.5 3.75 15 5 67.4 58.2
27 5 2.5 0 4.5 42.8 53.0
28 5 5 30 4.5 80.0 87.6
29 10 2.5 30 4.5 33.6 41.8
30 7.5 1.25 45 5 93.0 90.3
31 7.5 3.75 45 5 93.7 94.1
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(Model SBC12, KYKY, Beijing, China) to ensure suffi-
cient electron refraction.

Experimental design and statistical analysis

Response surface methodology or RSM is the collection 
of statistical methods that are effective in analyzing, mod-
eling and optimizing dependent responses [33, 34]. In this 
study, a central composite design (CCD) was adopted using 
Minitab software version 16.1.1.0 to evaluate how the lyco-
pene content of the extracts was influenced by independent 
variables, including cellulase concentration (g/100 g DM, 
X1), pectinase concentration (g/100 g DM, X2), ultrasonic 
time (min, X3) and pH (X4). Table 1 presents the coded and 
uncoded levels of the mentioned independent variables used 
in the RSM design. The experimental design needed thirty-
one experimental settings with seven replicated center points 
(as Table 2 shows) to allow the estimation of the pure error. 
The following second-order polynomial regression equation 
was used to express the dependent variable (Y) as a function 
of the independent variables [35]:

where Y represents the predicted response of the lycopene 
content; β0 is the model intercept, βi, βii, and βij are linear, 
quadratic, and interaction coefficients, respectively; and Xi 
and Xj are uncoded independent variables (cellulase con-
centration, pectinase concentration, ultrasonic time and pH). 
The significance of the coefficients of the quadratic polyno-
mial model was determined with the aid of the t-test with a 
confidence level of 95.0% (p ≤ 0.05). The coefficients of the 
quadratic polynomial model will be more significant if the 
absolute t value becomes larger and the p-value becomes 
smaller [36, 37].

Results and discussion

Model fitting

Table 2 shows the complete design matrix and correspond-
ing experimental data obtained for the lycopene content 
response. Table 3 represents the estimated coefficients and t 
test results. In this table, the p value was used to investigate 
the significance of each coefficient. Equation 3 shows the 
second-order polynomial model of the lycopene content of 
the extracts (Y) as a function of the mentioned independent 
variables (in terms of significant uncoded levels): 

(2)Y = �0 +

4
∑

i=1

�i xi +

4
∑

i=1

�ii xi
2 +

3
∑

i=1

4
∑

j=i+1

�ij xi xj

(3)Y = 887.2 − 30.3X1 − 73.4X2 − 9.2X3 − 269.9X4 + 9.4X2
2
+ 24.8X2

4
+ 0.2X1X3 + 4.7X1X4 + 0.3X2X3 + 1.5X3X4

where X1 is the cellulase concentration, X2 is pectinase con-
centration, X3 is ultrasonic time, and X4 is pH. From Table 3 
and Eq. (3), it can be observed that the parameters with the 
highest influence on the lycopene content were the linear 
(p ≤ 0.001) and quadratic (p ≤ 0.001) terms of pectinase 
concentration, the linear (p ≤ 0.001) and quadratic (p ≤ 0.01) 
terms of pH, followed by the linear terms of ultrasonic time 
(p ≤ 0.001) and cellulase concentration (p ≤ 0.01). Moreover, 
the interaction terms of cellulase concentration × ultrasonic 
time (p ≤ 0.01), cellulase concentration × pH (p ≤ 0. 05), pec-
tinase concentration × ultrasonic time (p ≤ 0.05), and ultra-
sonic time × pH (p ≤ 0.001) had high significant influence 
on the lycopene content of the extracts. The other terms did 
not have any significant influence on the lycopene content 
(p > 0.05) and were not shown in Eq. (3). Table 4 shows that 
the model p-value for the lycopene content response was 
less than 0.001 and statistically significant. It also shows 
that the R2 and R2 (adj) of this model were 0.93 and 0.88, 
respectively, specifying that the precision and accuracy 
of this polynomial model are satisfactory. Moreover, the 
‘lack of fit’ of the model (presented in Table 4) was not 
significant (p > 0.05). Totally, the model p-value ≤ 0.001, an 
insignificant lack of fit (p > 0.05) and the high R2 and R2 

Table 3   Regression coefficients of predicted second order polynomial 
model for the dependent variable of lycopene content (mg/kg DM)

The β subscripts of 1, 2, 3 and 4 are related to cellulase concentration, 
pectinase concentration, ultrasonic time and pH, respectively
ns not significant
*Significant at p ≤ 0.05
**Significant at p ≤ 0.01
***Significant at p ≤ 0.001

Parameter Estimated coefficients T

β0 887.2 5.8***

β1 − 30.3 − 3.4**

β2 − 73.4 − 4.2***

β3 − 9.2 − 6.3***

β4 − 269.9 − 4.4***

β11 0.4 1.7ns

β22 9.4 8.9***

β33 0.0 0.6ns

β44 24.8 3.7**
β12 − 1.0 − 1.5ns

β13 0.2 3.4**
β14 4.7 2.7*
β23 0.3 2.6*
β24 4.3 1.2ns

β34 1.5 5.0***
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(adj) confirm that the quadratic regression model (Eq. 3) for 
lycopene content could satisfactorily predict the lycopene 
content response [38].

Effect of process variables on the lycopene content

As Table 2 shows, the lycopene content obtained by ultra-
sonic-enzymatic extraction method ranged from 19.7 to 
94.3 mg/kg DM. To envisage the effect of the four inde-
pendent variables on the lycopene content, the contour 
plots were drawn using the fitted quadratic polynomial 
equation (Eq. 3) obtained from regression analysis. Fig-
ure 2a illustrates the effects of cellulase concentration and 
ultrasonic time on the lycopene content of the extracts at 
the fixed pectinase concentration of 2.5 g/100 g DM and 
pH of 4.5. As the two-dimensional diagram of Fig. 2a 

Table 4   Analysis of variance (ANOVA) for the fitted quadratic poly-
nomial model of lycopene content response (mg/kg DM)

ns not significant
***Significant at p ≤ 0.001

Source Degree 
of free-
dom

Adjusted 
sum of 
squares

Adjusted 
mean 
squares

F p

Model 14 19091.2 1363.7 17.4*** 0.0
Residual error 16 1256.5 78.5
Lack-of-fit 10 964.7 96.5 2.0ns 0.2
Pure error 6 291.8 48.6
Total 30

R2 = 0.94
R2 (adj) = 0.88
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shows, the lycopene content more than 70 mg/kg DM was 
obtained at the concentration of 0 to 3 g/100 g DM cel-
lulase enzyme and at ultrasonic pretreatment time of 0 to 
18 min. Figure 2b illustrates the effects of pectinase con-
centration and ultrasonic time on lycopene content of the 
extracts at the fixed cellulase concentration of 5 g/100 g 
DM and pH of 4.5. Figure  2b shows that the highest 
amount of lycopene content is obtained at pectinase con-
centration from 0 to 0.6 g/100 g DM and ultrasonic pre-
treatment time from 0 to 20 min. This suggests that by 
applying the cellulase and pectinase enzymes at appropri-
ate concentrations, the high amount of lycopene content 
can be obtained. It was reported by Choudhari and Anan-
thanarayan [6] that pectinase enzyme at the concentration 
of 0.5% w/w was highly effective for a high amount of 
lycopene extraction. Thus, this study showed that by enor-
mous increase of pectinase enzyme concentration, there 
will not be a significant proportional increase in extrac-
tion efficiency. This study is consistent with our study. It 
is interesting to note that very high enzyme concentration 
resulted in very fast total hydrolysis and probably inhibi-
tion of end-product [25]. Choudhari and Ananthanarayan 
[6] and Strati et al. [28] reported that both cellulase and 
pectinase enzymes enhanced the recovery of lycopene 
from various tomato materials such as tomato waste. In 
addition, Zuorro et al. [19] indicated that the lycopene 
recovery from tomato peel processing waste could be sig-
nificantly improved using enzymes with cellulolytic and 
pectinolytic activities. These studies are in good accord-
ance with the present study.

Figure 2c depicts the contour plot of the lycopene con-
tent as a function of the two independent variables of 
cellulase concentration and pH. It can be observed in this 
figure that the pH of 5–5.5 at all cellulase concentration 
has led to a higher lycopene yield (Fig. 2c). This sug-
gests that the most cell wall destruction occurs by the 
cellulase enzyme at pH from 5 to 5.5. Figure 2d shows 
the effect of pH and ultrasonic time on the lycopene con-
tent of the extracts. To obtain the highest extraction yield 
of lycopene, pH should be increased from 5.3 to 5.5, at 
ultrasonic pretreatment of 45–60 min (Fig. 2d). It was 
reported that the application of ultrasound in food pro-
cessing led to increase of the extraction yield [21], since 
it can effectively increase mass and heat transfer [9]. In 
fact, the extraction process can be enhanced with the dis-
ruption of cell walls and the release of cellular materials 
attributed to cavitation phenomena [39]. In summary, the 
RSM results show that the maximum lycopene content 
was predicted to be 100.0 mg/kg DM by combination of 
the cellulase concentration of 3 g/100 g DM, pectinase 
concentration of 1 g/100 g DM, ultrasonic time of 60 min 
and pH of 5.3.

Overall optimization and comparison

To optimize the lycopene extraction process from tomato 
processing waste, the parameters of cellulase concentration 
(0–10 g/100 g DM), pectinase concentration (0–5 g/100 g 
DM), ultrasonic time (0–60 min) and pH (3.5–5.5) in ultra-
sound-enzymatic extraction method were examined for 
maximum lycopene content extraction, color parameters of 
L, a and b and antioxidant activity of the extracts (the data 
of color parameters of L, a and b and antioxidant activity 
are not shown in this paper). The numerical optimization 
estimates a point with maximized desirability function. 
The desired aim was selected by modifying the weight 
or importance that can modify the features of a goal. 
The importance of a dependent variable can be changed 
sequentially according to its increasing importance in rela-
tion to the other dependent variables for optimization. It 
can range from 1 (least importance) to 5 (most important) 
[40]. An importance of 1 was selected for antioxidant 
activity and an importance of 2 was selected for the other 
responses. One optimal extraction condition of cellulase 
concentration of 2.5 g/100 g DM, pectinase concentration 
of 0.8 g/100 g DM, sonication time of 60 min and pH of 
5.3 was obtained. Results show that the experimental value 
of lycopene content at optimal treatment (93.4 ± 0.8 mg/
kg DM) is in satisfactory agreement with the predicted 
value of lycopene content (100 mg/kg DM). Therefore, 
the mentioned RSM model (Eq. 3) for lycopene content 
is suitable in the prediction. The effectiveness of the opti-
mal ultrasound-enzymatic extraction of lycopene was com-
pared with the conventional stirring incubation method at 
the similar extraction time (17 min + 60 min = 77 min) of 
optimal extraction treatment without ultrasound pretreat-
ment, cellulase and pectinase enzymes. This treatment 
was performed at the incubation temperature of 57 °C and 
regular shaking of 120 rpm for 77 min. Moreover, it had 
1.14 g of dried tomato processing waste and 40 mL of a 
solvent mixture of hexane, acetone and methanol (2:1:1) 
containing 0.02 g butylated hydroxytoluene (BHT) at pH 
of 5.3. Results confirms that optimal ultrasound-enzymatic 
extraction treatment resulted in more lycopene content 
(93.4 ± 0.8 mg/kg DM) than that of stirring incubation 
treatment (26.1 ± 1.0 mg/kg DM). Furthermore, the opti-
mal extraction treatment was compared to a treatment with 
similar conditions (cellulase concentration of 2.5 g/100 g 
DM, pectinase concentration of 0.8 g/100 g DM, sonica-
tion time of 60 min, pH of 5.3 and incubation time for 
17 min at the temperature of 57 °C), but using distilled 
water solvent. Results showed that the optimal ultrasound-
enzymatic extraction technique suing a solvent mixture 
of hexane, acetone and methanol led to more lycopene 
content than that of similar treatment using distilled water 
solvent (13.2 ± 0.1 mg/kg DM).
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Scanning electron microscopy (SEM) images

To investigate and authenticate the influence of ultrasonic-
enzymatic extraction treatments on the solid matrix of 
tomato processing waste powders, SEM analysis at a mag-
nification factor of × 1000 was performed on (a) untreated 
tomato processing waste powder, (b) the dried residues after 
the second treatment of Table 2 having the lowest lycopene 
content extraction, and (c) the dried residues after the first 
treatment of Table 2 having the highest lycopene content 
extraction. Figure 3a–c present the images. It is obvious that 
tomato waste after the second treatment of Table 2 (cellulase 
concentration of 5 g/100 g DM, pectinase concentration of 
2.5 g/100 g DM, ultrasonic time of 30 min and pH of 3.5) 
with the lowest lycopene content extraction was relatively 
smooth and intact (Fig. 3b), and it was similar to that of 
untreated tomato processing waste powder. However, it 
showed a greater amount of particulates on the surface in 
comparison to the untreated tomato waste powder due to 
extraction processes. In the case of Fig. 3c in which the 
tomato waste underwent the first treatment of Table 2 (cel-
lulase concentration of 5 g/100 g DM, pectinase concentra-
tion of 0 g/100 g DM, ultrasonic time of 30 min and pH 
of 4.5), particle deposition is even more pronounced than 
that of Fig. 3b. Another noteworthy issue is that the surface 
of the tomato waste in Fig. 3c presented cracks and dis-
ruption. Thus, more appropriate digestion occurred in this 
treatment. Totally, these morphological changes represent 
that an ultrasonic-enzymatic extraction method under suit-
able conditions effectively liberated the bound lycopene by 
increasing surface area and improving solvent distribution. 
Therefore, the first treatment of Table 2 disrupted tissues, 
decreased the particle size, increased solvent distribution 
and enhanced the efficiency of mass transfer rate resulted 
in higher extraction yield of lycopene and a different SEM 
image (Fig. 3c).

Fourier transform infrared (FTIR) spectroscopy 
analysis

In this study, FTIR spectroscopic test was used to investi-
gate the characteristic functional groups and the possible 
changes of the functional groups during the treatment having 
the highest lycopene content extraction (cellulase concentra-
tion of 5 g/100 g DM, pectinase concentration of 0 g/100 g 
DM, sonication time of 30 min, and pH of 4.5), the treat-
ment having the least lycopene content extraction (cellulase 
concentration of 5 g/100 g DM, pectinase concentration of 
2.5 g/100 g DM, sonication time of 30 min, and pH of 3.5), 
and the optimal extraction treatment having maximum lyco-
pene content, L, a and b color parameters and antioxidant 
activity (cellulase concentration of 2.5 g/100 g DM, pectinase 
concentration of 0.8 g/100 g DM, sonication time of 60 min, 

and pH of 5.3). Figure 4 presents the FTIR spectra of these 
treatments. Although the mentioned FTIR spectra displayed 
numerous peaks, only sharp ones were considered for further 
investigations. In the FTIR spectra of Fig. 4, the bandwidth 

Fig. 3   Scanning electron microscopy images of tomato waste pow-
ders a untreated, b the remained solids after the second treatment of 
Table 2 (cellulase concentration of 5 g/100 g DM, pectinase concen-
tration of 2.5 g/100 g DM, sonication time of 30 min and pH of 3.5) 
having the lowest lycopene content extraction, and c the remained 
solids after the first treatment of Table 2 (cellulase concentration of 
5 g/100 g DM, pectinase concentration of 0 g/100 g DM, sonication 
time of 30 min and pH of 4.5) having the highest lycopene content 
extraction
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centered at 655.43 cm− 1 can be attributed to CH=CH stretch-
ing vibration [41]; the peak of 1014.58 cm− 1 represents a 
trans-R–HC=CH–R [42]; the peak of 1229.58 cm− 1 con-
firms a C–O stretching [43]; the peak of 1370 cm− 1 repre-
sents the –CH3 bond [44]; the strong peak at 1641.59 cm− 1 
can be attributed to the C=C aromatic stretching [43, 45]; 
the peak at 1737.63 cm− 1 represents the carbonyl stretching 
(C=O bond) [46]; the peak at 2075.70 is indicative of C≡C 
symmetry stretching vibration [41]; the peaks of 2970.76 and 
2843.62 cm− 1 indicate asymmetric and symmetric stretching 
of the functional C–H bond in CH2 groups [42, 45, 46] and 
the broad band at 3431.82 cm− 1 represents the hydroxyl group 
(O–H stretch) [45, 47]. By comparing the FTIR spectra, it 
can be concluded that application of ultrasound from 30 to 
60 min, pectinase enzyme from 0 to 2.5 g/100 g DM, cellu-
lase enzyme from 2.5 to 5 g/100 g DM as well as pH from 3.5 
to 5.3 for lycopene pigment extraction from tomato process-
ing waste powder did not destroy the functional groups of the 
extracts, since the position and type of functional groups did 
not change. These results are in line with the results obtained 
by Konwarh et al. [48] reporting no changes in the position 
and type of the functional groups of the FTIR spectra of the 
extracted biomolecules with and without application of sonica-
tion and enzyme.

Conclusion

Recently, there has been a growing interest and demand for 
natural dyes such as lycopene pigment. In the present study, 
the influence of four independent variables, including cellu-
lase concentration (0–10 g/100 g DM), pectinase concentra-
tion (0–5 g/100 g DM), ultrasonic time (0–60 min) and pH 
(3.5–5.5) was optimized in a combined ultrasonic pretreat-
ment-enzymatic process to extract lycopene pigment from 
tomato processing waste using response surface methodol-
ogy. The main conclusions can be summarized as follows:

•	 The overall optimization for maximum lycopene con-
tent extraction, color parameters of L, a and b and 
antioxidant activity of the extracts led to an optimal 
extraction condition of the cellulase concentration of 
2.5 g/100 g DM, pectinase concentration of 0.8 g/100 g 
DM, sonication time of 60 min and pH of 5.3.

•	 Scanning electronic microscopy results demonstrated 
that the treatment resulted in higher lycopene extrac-
tion, presented more cracks and disruption in the resi-
dues, which could be the probable mechanism for the 
increase of lycopene extraction yield.

Fig. 4   FTIR spectra of the extracts obtained by three extraction 
methods: first treatment of Table 2 having the highest lycopene con-
tent extraction (cellulase concentration of 5  g/100  g DM, pectinase 
concentration of 0  g/100  g DM, sonication time of 30  min and pH 
of 4.5), second treatment of Table 2 having the lowest lycopene con-

tent extraction (cellulase concentration of 5  g/100  g DM, pectinase 
concentration of 2.5 g/100 g DM, sonication time of 30 min and pH 
of 3.5) and optimal extraction treatment (cellulase concentration of 
2.5 g/100 g DM, pectinase concentration of 0.8 g/100 g DM, sonica-
tion time of 60 min and pH of 5.3)
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•	 Fourier Transform Infrared spectroscopy results did not 
show any destruction of the functional groups of the 
investigated extracts containing lycopene pigment.

According to the obtained results, it is suggested that 
ultrasound-enzymatic extraction method can be considered 
an appropriate industrial method resulting in higher extrac-
tion yield of lycopene from tomato processing waste. It may 
result in considerable economic and environmental benefits 
in terms of producing natural valuable colorants from inex-
pensive processing waste.
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