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Abstract
The lycopene pigment found abundantly in tomato peels has been proven to own antioxidant capacity and reduce risks 
of getting cancers. The present study aimed to investigate effects of enzymatic pretreatment to assist lycopene extraction 
from tomato peels using rice bran oil (RBO) as a green solvent. The peels were pretreated using Viscozyme L at different 
concentrations (0.5–2.5%), different incubation temperatures (30–70 °C), and incubation durations (30–150 min). The 
enzyme-assisted extraction conditions for lycopene from tomato peels were optimized using response surface methodol-
ogy (RSM) based on Box–Behnken design with three levels of design factors (− 1, 0, and + 1). Pretreated peels were then 
extracted for 30 min at 25 °C using rice bran oil at a solid/oil ratio of 1:20 (w/v). Lycopene concentration were concurrently 
analyzed using Ultra Performance Liquid Chromatography system. The optimal extraction condition was 1.4% Viscozyme 
L incubated at 52 °C for 92 min resulted in a rice bran oil sample containing the highest concentration of lycopene (0.75 mg 
lycopene/100 ml rice bran oil or 399.6 mg lycopene/100 g dried tomato peels). Lycopene extraction using RBO along with 
Viscozyme L assistance could be a friendly extraction method to utilize the tomato-processing waste. RMS has been an effec-
tive tool for determining the optimal lycopene extraction conditions required to achieve a lycopene-containing oil product 
with both health and economic potential.

Keywords Green extraction · Carotenoid · Response surface methodology · Viscozyme L · Ultra performance liquid 
chromatography

Introduction

Tomato (Lycopersicon esculentum L.) belonging to the 
Solanaceae family, is a commonly cultivated vegetable 
that originated in South America. The vegetable is a good 
source of nutritional compositions, from carbohydrate, pro-
teins, lipids, to micronutrients such as vitamins A, vitamin 
C, thiamine, pyridoxine, folic acid, riboflavin, niacin [1], 
nitrogen, calcium, magnesium, phosphorus, potassium, 
sulfur, zinc, manganese, boron and others [2]. Moreover, 
significant amounts of phenolic acids, flavonoids, lycopene, 
and β-carotene are obtained greatly in ripened tomato fruits 
and tomato products that bring their great benefit to human 

health [3]. Lycopene is considered as a protector against 
cancer and other degenerative diseases caused by free radical 
reactions due to its high degree of conjugation [4]. Heat and 
light induce the isomerization that converts all-trans iso-
mers to cis-isomers due to additional energy input, thereby 
changing the lycopene content [4]. Lycopene from tomato 
products is also used as a food additive in the food industry 
to improve storage stability and nutritional properties [5].

By-products from the production of tomato-based prod-
ucts such as tomato pomace including peels and seeds, on 
the other hand, are also rich sources of lycopene but seems 
to be neglected and treated as wastes since it is consid-
ered to be indigestible and low in nutrients. However, the 
dry pomace contains more than 50% tomato peels which 
occupies a lycopene content about 5 times greater than 
in the pulp [6–8]. The current challenge is to figure out 
how to take advantage of this low-cost lycopene source 
while also determining the best method for extracting 
and preserving lycopene. Several studies on extraction 
of lycopene using solvents, supercritical carbon dioxide, 
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enzymatic hydrolysis, and supersonic-assisted treatments 
have been reported. Since lycopene is fat soluble, it is 
more commonly extracted with organic solvents [4, 9, 10]. 
However, organic solvents are generally poisonous, and 
even trace amounts of the extracting solvents in finished 
products must be considered [11]. Moreover, using solvent 
extraction solely is reported to be less efficient in lycopene 
extraction due to the plant tissue's compactness, which 
prevents solvent penetration to the lycopene-containing 
chromoplasts [12].

Since tomato peel is a highly structured plant material 
containing several different polysaccharides such as cel-
lulose, hemicelluloses, and pectins [13], effects of mixed 
enzyme preparations with pectinolytic, cellulolytic, and 
hemicellulolytic activities were investigated to improve 
lycopene extraction [12]. With the view to making use of 
more lycopene in the tomato pomace with shorter duration 
of treatments, and saved production costs, Viscozyme L, 
a multi-enzyme complex including arabanase, cellulase, 
beta-glucanase, hemicellulase, and xylanase, is selected. 
There are several studies reporting on the effective uses of 
this enzyme for the extraction of polyphenol compounds 
from plant sources, such as berries [14] and oat bran 
[15]. Focusing on those promising beginnings, optimal 
enzyme concentration, incubation time, and temperature 
are studied onwards to obtain the highest yields of lyco-
pene content from tomato peels. In addition, vegetable oils 
such as olive oil [16], almond, and sunflower seed oil [17] 
eventually become the green solvent of choice for many 
researchers in order to satisfy the need for a solvent that is 
ideal for lycopene, protect it from oxidation, and have no 
negative health effects. Along with the trend of utilizing 
food industrial waste, rice oil, also known as rice bran oil 
(RBO), a vegetable oil recovered as a by-product of rice 
production is high in bioactive phytonutrients including 
phytosterols, -oryzanol, squalene, and triterpene alcohols, 
as well as vitamin E (both tocopherols and tocotrienols) 
which contribute to high antioxidant, anti-inflammatory, 
hypocholesterolemic, antidiabetic and anticancer activi-
ties [18].

In spite of having many reasons above, this study used 
RBO as a solvent to identify the appropriate enzymatic treat-
ments for extracting lycopene from tomato peels. Since the 
enzyme concentration, the incubation time, and the tem-
perature were three focused factors that directly affected the 
enzyme-assisted treatment, the response surface methodol-
ogy (RSM) was used as an effective tool for the optimization 
process. In addition, Box–Behnken design was conducted 
due to its cost-effective design that could reduce the number 
of experimental trials [19]. With the presence of lycopene, 
this lycopene enriched oil would be a potential nutritional 
product and help to diversify the product for the edible oil 
industry.

Materials and methods

Materials

Sixty kg sound and ripe tomatoes was collected from 
Thu Duc agricultural product market, Ho Chi Minh city, 
Vietnam. Tomatoes utilized for this experience were ‘red’ 
according to USDA color grading standards [20].

Methanol was purchased from Merck Company, Ger-
many. Tetrahydrofuran was purchased from Honeywell 
Riedel-de Haën company, Germany. Natural lycopene 
standard, butylated hydroxytoluene, sodium citrate dihy-
drate, and citric acid were purchased from Sigma Chemi-
cal Company, U.S.A. Viscozyme L with enzyme activity 
100 (FBG/g), density 1.21 (g/ml), optimum tempera-
ture (40–50 °C), and pH (3.3–4.5) was purchased from 
Novozymes Co., Denmark. Simply pure rice bran oil was 
obtained from CALOFIC (Cai Lan oils and fats industries 
Company, Vietnam).

Sample preparation

Tomatoes came through a washing process with clean water 
to remove impurities before measuring moisture content of 
selected tomatoes. They were steamed for three minutes 
with boiling water (100 °C) after applying an adequate 
X-shape insertion on the bottom of each and the skin was 
then manually peeled. Cold breaking processes at 65 °C in 
24 min applied to the tomato skins to enhance enzyme activ-
ity before incubating with enzymes to recover the lycopene 
[21] after grinding the peels for 1 min using blender (Philips 
HR2221/00). After that, fresh ground peels were store at 
− 4 °C. The moisture content of ground peels was taken with 
an infrared moisture analyzer (Kett FD720, Japan).

Effects of enzyme concentration

The enzymatic assisted extraction of lycopene [4] was con-
ducted with some modifications. Briefly, tomato peels were 
added to 100 mM citrate buffer (pH 5) at a ratio of 10:1 
(v/w) containing different enzyme concentrations: 0.5; 1; 
1.5; 2; 2.5 (%). The mixture was then placed in a shaking 
incubator (IKA KS 4000, Germany) for 90 min at 40 °C. 
Lycopene content was determined after the extraction step.

Effects of enzymatic incubation duration

To test the effect of enzymatic time reaction, ground tomato 
skin was incubated at 40 °C and 2% of enzyme concentra-
tion with citrate buffer (pH 5) at a ratio of 10:1 (v/w). The 
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mixture was then incubated for five-time intervals (30, 60, 
90, 120, 150 min).

Effects of enzymatic incubation temperature

In order to find out the optimum temperature for lycopene 
extraction using Viscozyme L, variable temperature points 
(30, 40, 50, 60, 70 °C) were examined. The mixture of 
tomato peels and 100 mM of citrate buffer (pH 5) was incu-
bated in the fixed duration at 90 min with 2% of Viscozyme 
L.

Lycopene extraction

Following the incubation process, the treated peels were 
heated to 90  °C for 5  min to inactivate enzymes prior 
extraction. The control sample was prepared by combining 
tomato peels and 100 mM citrate buffer (pH 5) at a ratio of 
10:1 (v/w), and the mixture was then incubated at 40 °C for 
90 min. Lycopene was recovered by adding rice bran oil to 
a flask containing peels collected in the enzyme inactiva-
tion step at a 20:1 (v/w) ratio and agitating the system for 
30 min at 25 °C before centrifuging for 10 min at 9000 rpm 
and 4 °C. Finally, the topmost layer was collected, and the 
tests were carried out.

Lycopene extraction, storage, and analysis is took place 
in a regulated environment to prevent oxidative degradation 
and isomer formation, and lycopene exposure to light was 
prohibited [22].

UPLC analysis of lycopene

A method was based on the procedure of Sathish et al. with 
slight modifications [23]. The samples were resolved using 
UPLC system (Acquity UPLC H-Class/FD, UV, Waters, 
USA) with a C18 column (Acquity UPLC BEH, Waters, 
USA) (1.7 µm; 2.1 × 150 mm) and a mobile phase of meth-
anol (Merck, Germany). Prior to use, the mobile phase 
was filtered over a 0.45 µm membrane and ultrasonically 
degassed. The column temperature was maintained at 40 °C, 
flow rate at 0.3 ml/min, and detection wavelength at 470 nm. 
The lycopene standard (Sigma-Aldrich, USA) and pigment-
enriched oil were prepared by dissolving them in 10 ml of 
methanol/tetrahydrofuran mixture (50:50, %, v/v) with buty-
lated hydroxytoluene (0.1% w/v) (Sigma-Aldrich, USA).

Box‑Behnken experimental design

Box-Behnken design was employed to optimize the enzyme-
assisted extraction for lycopene from tomato peels using rice 
bran oil. Three factors namely enzyme concentration (%, 
 X1), incubation time (min,  X2) and incubation temperature 

(°C,  X3), consisting of 15 randomized runs with 3 center 
points (Table 1).

The equation (Eq.  1) from second order polynomial 
model of Montgomery was used as a reference to achieve 
the relationship between lycopene and three independent 
variables recalled enzyme concentration, incubation time, 
and incubation temperature:

where β0: constant number, β1, β2, β3: linear regression coef-
ficient, β11, β22, β33: quadratic regression coefficient, β12, β13, 
β23: regression coefficient of interactions between factors

Statistical analysis

The analysis of results was performed with the statistical 
software Minitab®, version 19 (Minitab Inc., State Col-
lege, PA, USA); Design Expert, version 12 (Stat-Ease Inc., 
Minneapolis, USA). The mean differences for all treatments 
were tested with one-way ANOVA and statistical signifi-
cance differences between the mean values were established 
(P < 0.05) using Tukey's test. The results were expressed as 
mean ± standard deviation.

Results and discussion

In this study, the yields of lycopene extraction were eval-
uated as mg of lycopene per 100 ml oil, mg of lycopene 
per 100  mg of fresh tomato peels (FW) and mg lyco-
pene per 100 mg of dried tomato peels (DB). The peel 
fraction of tomato  had an average lycopene concentra-
tion of 114.6 ± 7.4 mg/100 g DB and a moisture level of 
87.67 ± 0.45 wt%.

Effects of enzyme concentration

The results in Table 2 illustrate how the enzymatic treat-
ment accelerated lycopene recovery. The maximum lycopene 

(1)

Y =�
0
+ �

1
X
1
+ �

2
X
2
+ �

3
X
3
+ �

11
X
2

1

+ �
22
X
2

2
+ �

33
X
2

3
+ �

12
X
1
X
2

+ �
13
X
1
X
3
+ �

23
X
2
X
3

Table 1  Actual levels and Box–Behnken design levels

Variables Symbols Coded levels

− 1 0  + 1

Enzyme concentration (%) X1 1 1.5 2
Incubation temperature (oC) X2 40 50 60
Incubation time (min) X3 60 90 120
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content was attained by adding enzyme at a concentration of 
1.5% (40.3 ± 3.1 mg/100 g FW).

Corresponding to the research of Nguyen and Nguyen 
(2015), this enzyme level might completely break the fiber 
network and liberate lycopene from chromoplast fractions 
[24]. Moreover, the involvement of cellulase and hemicel-
lulase in this enzyme system contributed to break down the 
primary wall's gel-like matrix, allowing for more efficient 
extraction [4]. Low enzyme concentrations (0.5 and 1%) 
were only able to open the pulp cells remaining connected 
to the peel, leaving the majority of the peel unaffected. 
Exceeding 1.5% Viscozyme L results in overall hydrolysis 
and lycopene inhibition [25]. A limited amount of substrates 
might come from an overabundance of enzymes since they 
were entirely utilized at lower enzyme concentrations, which 
prevented the production of lycopene. In addition, an excess 
amount of the enzyme may interact with the released lyco-
pene and break down it as a result.

Effects of enzymatic incubation temperature

Enzyme implementation  combined with temperatures 
higher than the typical ambient one at least doubled the 

quantity of lycopene produced compared to the untreated 
peels (Table 3). The amount of lycopene recovered steadily 
increased nearly 43% when the temperature was elevated 
from 30 to 50 °C. However, when the temperature rises, 
the rate of an enzyme-catalyzed process increases; unfortu-
nately, this also caused adverse effects as many enzymes are 
detrimental to high temperatures [26]. At higher tempera-
tures, the amount of lycopene released might be reduced 
owing to enzymatic denaturation, since the broken bonds in 
the active region of the enzyme were no longer able to assist 
cell destruction [27, 28]. Moreover, thermal deterioration 
stimulated lycopene isomerization of the all-trans form to 
cis-isomers and hence degradation of cis-isomers, result-
ing in a considerable drop in overall lycopene concentration 
[29].

Effects of enzymatic incubation duration

According to findings in Table 4, after the first 30 min of 
incubation at 40 °C, with each consecutive half an hour 
of incubation, the enhancement kept growing. The maxi-
mum lycopene content was attained in this investigation by 
incubating tomato peels within 90 min. The treatment was 
effective at short extraction times in which lycopene degra-
dation is not likely to occur [30]. The enzyme, however, did 
not react enough with the sample after inadequate incuba-
tion (30 and 60 min) since lycopene crystals were observed 
firmly entrenched in the composite polysaccharides mem-
brane structure of chromoplasts [31]. While the extraction 
time was prolonged than 90 min, the recovered lycopene 
was likely to be oxidized by the temperature and certain 
substrate or unwanted chemicals such as apo-lycopenals and 
apo-carotendials formed during the extraction or from the 
external environment [32].

Table 2  Lycopene content obtained under different enzyme concen-
trations

All data are the means ± SD of three replications. Values with differ-
ent letters (a-d) were significantly different (P ≤ 0.05)

Sample Lycopene concen-
tration (mg/100 ml 
oil)

Lycopene concen-
tration (mg/100 g 
FW)

Lycopene concen-
tration (mg/100 g 
DB)

Control 0.7 ± 0.05e 14.1 ± 0.91e 114.6 ± 7.4e

0.5% 1.2 ± 0.1d 23.0 ± 1.92d 186.6 ± 15.6d

1% 1.5 ± 0.13c 30.3 ± 2.6c 245.7 ± 21.1c

1.5% 2.0 ± 0.15a 40.3 ± 3.1a 327.0 ± 25.1a

2% 1.7 ± 0.12b 35.0 ± 2.34b 283.6 ± 19.0b

2.5% 1.5 ± 0.12c 30.6 ± 2.37c 247.7 ± 19.2c

Table 3  Lycopene content extracted under different incubation tem-
peratures

All data are the means ± SD of three replications. Values with differ-
ent letters (a–d) were significantly different (P ≤ 0.05)

Sample Lycopene concen-
tration (mg/100 ml 
oil)

Lycopene concen-
tration (mg/100 g 
FW)

Lycopene concen-
tration (mg/100 g 
DB)

Control 0.7 ± 0.05e 14.1 ± 0.91e 114.6 ± 7.4e

30 °C 1.6 ± 0.09c 31.3 ± 1.82c 254.1 ± 14.8c

40 °C 1.9 ± 0.13b 37.1 ± 2.66b 300.8 ± 21.5b

50 °C 2.2 ± 0.19a 44.8 ± 3.76a 363.3 ± 30.5a

60 °C 1.7 ± 0.12bc 33.2 ± 2.37bc 269.0 ± 19.3bc

70 °C 1.4 ± 0.05d 27.1 ± 0.92d 219.6 ± 7.5d

Table 4  Lycopene content obtained under different incubation dura-
tions

All data are the means ± SD of three replications. Values with differ-
ent letters (a–d) were significantly different (P ≤ 0.05)

Sample Lycopene concen-
tration (mg/100 ml 
oil)

Lycopene concen-
tration (mg/100 g 
FW)

Lycopene concen-
tration (mg/100 g 
DB)

Control 0.7 ± 0.05d 14.1 ± 0.91d 114.6 ± 7.4d

30 min 1.4 ± 0.09c 27.0 ± 1.80c 219.3 ± 14.6c

60 min 1.7 ± 0.13b 34.6 ± 2.64b 280.2 ± 21.4b

90 min 2.1 ± 0.17a 42.3 ± 3.34a 343.4 ± 27.1a

120 min 1.8 ± 0.05b 36.6 ± 1.01b 296.7 ± 8.2b

150 min 1.4 ± 0.11c 27.2 ± 2.21c 220.8 ± 18.0c
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Optimization of conditions for lycopene extraction

Table 5 presents the predicted and observed lycopene con-
tent in lycopene-enriched oil, as a result of the combined 
influence of all three significant factors within the speci-
fied ranges. The process variables and their ranges were 
selected based on the preliminary experimental results. 
Whilst the above screening tests were successful in achiev-
ing adequate conditions, each condition was insufficient to 
demonstrate the whole impact of a variable, the individual 
effect as an independent variable, and the interaction with 

other variables. Therefore, it is necessary to conduct the full 
quadratic model of the response surface design in order to 
have an overview of the optimal conditions and to identify 
the lack of fit of the model.

The coefficients on the response variables were obtained 
by analysis of variance (ANOVA) (Table 6) and the regres-
sion model was predicted as follows:

Table 5  Box-Behnken design 
and response for the lycopene 
concentration of tomato peels 
(mg lycopene/100 g dry weight)

X1, enzyme concentration, %;  X2, incubation temperature, °C;  X3, incubation duration, min
*Central points

Std. order Run order X1 X2 X3 Lycopene content (mg/100 g 
DB)

Lycopene content 
(mg/100 ml oil)

Measured Predicted Measured Predicted

7 1 1 50 120 265.3 ± 25.4 265.6 0.50 ± 0.05 0.50
6 2 2 50 60 376.3 ± 27.6 376.1 0.72 ± 0.07 0.71
8 3 2 50 120 336.4 ± 30.0 336.2 0.63 ± 0.06 0.63
10 4 1.5 60 60 370.8 ± 34.6 377.3 0.70 ± 0.08 0.71
12 5 1.5 60 120 278.5 ± 13.4 285.0 0.52 ± 0.02 0.54
15* 6 1.5 50 90 384.4 ± 25.2 405.3 0.72 ± 0.05 0.76
2 7 2 40 90 366.0 ± 24.6 372.8 0.69 ± 0.05 0.70
1 8 1 40 90 269.5 ± 17.7 275.8 0.51 ± 0.03 0.52
9 9 1.5 40 60 347.3 ± 12.4 340.7 0.65 ± 0.03 0.64
14* 10 1.5 50 90 414.0 ± 25.5 405.3 0.78 ± 0.05 0.76
13* 11 1.5 50 90 417.4 ± 39.3 405.3 0.80 ± 0.09 0.76
5 12 1 50 60 376.1 ± 20.6 376.4 0.71 ± 0.04 0.71
3 13 1 60 90 364.1 ± 7.5 357.3 0.68 ± 0.01 0.67
4 14 2 60 90 336.8 ± 27.8 330.5 0.63 ± 0.05 0.62
11 15 1.5 40 120 288.8 ± 21.6 282.3 0.55 ± 0.03 0.53

Table 6  ANOVA results of 
significant factors in quadratic 
model for enzymatic extraction 
of lycopene

Source Sum of squares Degree of 
freedom

Mean square F-value P value Significance

Model 1.012E + 05 9 11241.98 18.21  < 0.0001 Significant
  X1-enzyme 7395.8 1 7395.83 11.98 0.0014 Significant
  X2-temperature 2314.98 1 2314.98 3.75 0.0609 Insignificant
  X3-duration 34062.29 1 34062.29 55.18  < 0.0001 Significant
  X1X2 11494.50 1 11494.50 18.62 0.0001 Significant
  X1X3 3769.34 1 3769.34 6.11 0.0185 Significant
  X2X3 858.86 1 858.86 1.39 0.2461 Insignificant
  X1

2 8059.97 1 8059.97 13.06 0.0009 Significant
  X2

2 21636.74 1 21636.74 35.05  < 0.0001 Significant
  X3

2 17493.91 1 17493.91 28.34  < 0.0001 Significant
Residual 21603.39 35 617.24
 Lack of fit 1025.94 3 341.98 0.5318 0.6637 Insignificant
 Pure error 20577.45 32 643.05

Cor total 1.228E + 05 44



5159Optimization of enzyme‑assisted lycopene extraction from tomato (Lycopersicon esculentum)…

1 3

Obviously, the individual variables namely enzyme con-
centration  (X1) and incubation duration  (X3) and other sec-
ond-order interaction factors including  (X1X2),  (X1X3) had 
statistically significant effects. The linear terms  X2 (p = 0.06) 
still involved in the model for hierarchical purposes instead 
of its insignificant effect on lycopene extraction.

In Eq. 2, the positive and negative coefficients of the fac-
tors demonstrate how the response varies in relation to these 
variables. The positive sign of the coefficients in the regres-
sion equations denotes a synergistic effect, whilst the nega-
tive values suggest an antagonistic influence on the lycopene 

(2)

Lycopene (mg∕100 g) =405.27 + 17.55X1 + 9.82X2

− 37.67X3 − 26.97X2
1

− 44.20X2
2
− 39.74X2

3

− 30.95X1X2 + 17.72X1X3

− 8.46X2X3

concentration [33]. The linear term of duration  (X3), with 
a p-value less than 0.0001, has the most beneficial influ-
ence on the extraction yield, according to the regression 
coefficients. In addition, during enzymatic extraction, the 
incubation temperature  (X2) had no direct effect on obtained 
lycopene content (P > 0.05) and did not show a synergistic 
impact with incubation time on the extracted substance.

The ANOVA results reveal that the models for lycopene 
content are significant, with an acceptable determination 
coefficient  (R2 = 0.82) that has a good correlation with the 
predicted value  (R2 = 0.72), meaning that the interaction 
between response and independent variables is adequate. 
In addition, the F-value (18.21) and P value (< 0.0001) of 
the model shown in Table 6 implying that it is significant. 
As shown in Table 7, adequate precision for responses is 
more than 4, indicating that the signals are appropriate [34]. 
Moreover, the model well describes the response while the 
experimental results are connected with a high degree of 
accuracy due to the low value of CV (less than 10) [35]. 
Furthermore, the lack-of-fit was not significant (P = 0.66), 
suggesting that the model goodness-of-fit is reliable. The 
effects of the operated factors and their interactions on the 
response of the analysis are well demonstrated in Table 6.

The 3-D response surface plot in Fig. 1 represents that 
the extracted carotenoid content in tomato increased when 
 X1 and  X2 increased in the range of 1–1.4%, and 40–52 °C, 
respectively; but surpassed 1.4% and 52 °C, the lycopene 
content gradually decreased. It means the fluctuations of 
both temperature and enzyme concentration became critical 

Table 7  Effectiveness of the 
designed model

Summary statistics Value

R2 0.8240
Adjusted  R2 0.7788
Predicted  R2 0.7190
Adequate precision 11.9253
Standard deviation 24.84
Mean 346.12
C.V. % 7.18

Fig. 1  Response surface plot and contour plot for effect of interaction  X1X2 (enzyme concentration–temperature) over lycopene concentration. 
Hold value:  X3 (duration)—90 min
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elements for enhancing the ideal substance and their interac-
tion was consistent with the result in Table 6. Moreover, it 
might imply lycopene degradation as a result of the extended 
exposure of peels to high temperatures.

In Fig. 2, the concentration of lycopene is influenced by 
enzyme concentration and incubation time at a constant tem-
perature of 50 °C. When the incubation time  (X3) was pro-
longed in the range of 60–92 min, the extracted lycopene 
content in tomato increased, but when the temperature was 
raised above 92 min, the lycopene content steadily declined. 
This could be owing to the long-term exposure of lycopene 
to oxygen and light in the environment raises the chances of 
oxidation or breakdown [36].

The optimal extraction parameters for lycopene enzymatic 
extraction were achieved based on the desirability function 
methodology. The desired goal for each factor and response 
was chosen. The levels of enzyme concentration (1–2%), 
incubation temperature (40–60 °C), and incubation dura-
tion (60–120 min) were set. The optimization was carried 
out with the target of achieving 417.4 mg lycopene per 100 g 
tomato peels. In the range of 0–1, desirability d value illus-
trates the acceptance of response values. By seeking from 10 
starting points in the response surface changes which have 
overall desirability of 1.00, the optimal extraction conditions 
were 1.4% enzyme, 52 °C, and 92 min of reaction time. The 
expected enzyme concentration under these conditions was 
399.6 mg/100 g. A verification experiment was carried out 

under optimal conditions to confirm the adequacy of the model 
equation for predicting the optimum response value. The 
result demonstrated that the value (399.6 mg/100 g) predicted 
by the suggested model corresponded well with the observed 
value (400.2 mg/100 g) (P < 0.05). Therefore, the response 
model was suitable to reflect the expected optimation.

Conclusions

In this experiment, pretreatment of tomato peels with Vis-
cozyme L can significantly enhance the extraction of lyco-
pene from tomato peels, even with a short incubation time 
and mild temperatures. The results indicated that the appli-
cation of BBD to optimize the extraction of lycopene from 
fresh tomato peels was successful with the development of 
a significant quadratic model for the prediction of lycopene 
extraction yield. Effect of independent variables includ-
ing enzyme concentration and incubation duration on the 
responses was significant (P < 0.05). The optimal conditions 
for lycopene extraction were determined to be with 1.4% 
Viscozyme L at 52 °C, and incubation duration of 92 min 
in which approximately 399.6 mg lycopene/100 g tomato 
peels were achieved. The findings of this study would be a 
useful data for the discovery of potential natural carotenoid 
extraction from food processing waste and the development 
of a prospective lycopene-rich oil product.

Fig. 2  Response surface plot and contour plot for effect of interaction  X1X3 (enzyme concentration–duration) over lycopene concentration. Hold 
value:  X2 (temperature)—50 °C
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