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Abstract
Although having the potential to prevent oxidation and cardiovascular diseases due to the substantial amount 
of lycopene it contains, the massive quantity of tomato peels is now solely discarded as a by-product of the 
processing industry. In the present study, the effects of enzymatic treatments on lycopene content extracted 
from tomato peels using rice bran oil were evaluated. A two-step protocol was followed: the tomato peels 
were treated with enzyme and then extracted with rice bran oil for 1 h at 25 °C and a solid percentage of 3.5%. 
Treatment factors investigated were Viscozyme L. concentrations (0.5–2.5 %), incubation time (30–150 min) 
and incubation temperatures (30–70 °C). Antioxidant capacity, peroxide value, acid value and color changes 
of the rich-pigmented oil product were analyzed. Under the best extraction conditions (Enzyme concentration 
= 2%; Incubation time = 90 min; Incubation temperature = 50 °C), the lycopene content was extracted up to 
320 mg/100 g of dry weight. Results showed that using Viscozyme L. significantly (p ≤ 0.05) increased the 
lycopene content in the pigmented oil product. These results suggested the idea of using a cell-wall degrading 
enzyme in the extraction to promote the use of tomato by-products as a rich source of lycopene and a good 
approach for waste utilization.
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1 Introduction

Lycopene, a well-known carotenoid, is also one of 
the most dominant carotenoids in a person’s diet. 
This substance naturally occurs in many fruits and 
vegetables such as watermelon, grapefruit, and guava 
and it is responsible for their deep red color [1]. The 
lycopene concentration varies significantly among 
these sources.
 This phytochemical is an acyclic isomer of  
beta-carotene. It is a common bright red carotenoid that 
especially has no vitamin A activity but has protective 
effects against chronic and non-communicable diseases 
including neurodegenerative disorders, obesity, type-2 
diabetes, some cancers, and cardiovascular diseases 
[2]. Lycopene is made of long unsaturated straight 
chain hydrocarbons with 13 double bonds, including 

11 conjugated and 2 unconjugated double bonds and a 
molecular formula of C40H56 with a molecular weight 
of 536.89 g/mol. Several conjugated bonds make 
the compounds highly sensitive to degradation and  
isomerization. More clearly, lycopene is susceptible 
to light, oxygen, high temperatures, acids, catalysts 
and metal ions [3]. Lycopene has a distinct lipophilic  
character, which makes it insoluble in ethanol,  
methanol and water but soluble in nonpolar solvents 
such as carbon disulfide, ethyl ether, petroleum ether, 
chloroform, benzene and fats [4]. The beneficial  
effects of lycopene are thought to be due to its strong 
antioxidant activity, which can deactivate free radicals 
and reduce damage to the body’s cells [5]. There are 
many studies showing strong correlations between  
lycopene consumption to a minor risk of growing  
chronic diseases comprising cancers (e.g., lung, prostate,  
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and stomach cancers) and cardiovascular diseases 
[6]. Furthermore, lycopene is used as a natural and 
functional ingredient in foods and beverages because 
of its strong color and non-toxicity [5], [7]. Lycopene 
can also be found in a concentrated and isolated 
form in several dietary supplements with different  
concentrations. Due to its remarkable health benefits 
and wide range of applications, high-purity lycopene 
is in high demand by many industries such as the food, 
pharmaceutical, nutraceutical, cosmetic and animal 
feeding industries.
 The tomato (Lycopersicon esculentum) is  
considered as a rich source of dietary antioxidants  
including carotenoids, especially α-carotene, 
β-carotene, lycopene and lutein [8]. Among these, 
lycopene is predominant and exhibits the highest  
antioxidant activity. Especially, the lycopene  
concentration increases significantly during the  
ripening of tomatoes [9]. Among the red ripened  
tomatoes, watermelons, guavas, papayas, and grapefruits,  
which are the main dietary sources of lycopene. 
The tomato is an important crop, which is widely  
processed and consumed throughout the world, either 
as a raw fruit or as a processed product. It is predicted 
to be about 39 million metric tons of tomatoes in 
2020. In Vietnam, tomatoes are grown and consumed  
throughout the country, which accounts for 7–10% 
of the country’s vegetable area and 3–4% of the  
total amount of vegetables. It is considered the most 
economically important vegetable crop in Vietnam. 
The main vegetable production area is the Red River 
Delta which is a subtropical plain region in northern 
Vietnam [10].
 Nowadays, a vast amount of tomato is processed 
into products including ketchup and sauce, resulting 
in large amounts of by-products, such as lycopene-
rich peel and seeds that are discarded [11]. During 
post-harvest processing, the disposal of large amounts 
of tomato pomace generated manually has become a 
major problem for the tomato industry for years as the 
tomato pomace is highly perishable because it contains 
up to 95% moisture content [12]. It is discarded as solid 
waste or used for animal feeding. Meanwhile, it was 
documented that the lycopene content accumulated  
in the skin layer is five times higher than that in the 
pulp. It revealed that the tomato peel contains the 
highest amount of lycopene (417.97 μg/g) followed 
by industry waste (195.74 μg/g), whole tomatoes  

(83.85 μg/g) and pulp (47.6 μg/g) [13]. Similarly, 
Cuccolini et al. [14] stated that lycopene is found  
predominantly in the chromoplasts of the tomato peel 
tissues, which are explained by the transformation 
of chloroplast into chromoplast during the ripening 
stage [14]. Thus, a large quantity of lycopene is lost as 
waste in tomato processing. It is said that a significant  
amount of lycopene present in the skin and the 
water-insoluble fraction of tomato peels is nearly 
72–98%, which could be used as a substantial cheap 
source of lycopene [13]. Therefore, tomato peel is  
particularly considered a desirable source of lycopene 
[15]. Utilization of the tomato waste could be a viable  
solution to the disposal waste problem and the  
environmental issues around the world. It can be an 
economic opportunity in the tomato industry and 
meet the lycopene requirement for various sectors 
including food, cosmetic, pharmaceutical and other 
industries [16].
 The development of suitable techniques or 
ideal processing condition to stabilize lycopene in 
tomato products are an important issue for process  
optimization. It is worthy of note that the use of  
assisting technologies such as enzyme treatment, 
ultrasound waves, microwaves, high pressure  
extraction treatments can improve the efficiency of  
solvent extraction from biological materials. However, 
it is also important to be concerned about the degradation  
of lycopene. Applying enzymes in the extraction 
of lycopene can be a simple and effective way for  
enhancing the lycopene recovery from plant cell tissues 
and allowing the reaction under the mild operational 
conditions of pH, temperature and pressure in order to 
decrease the degradation and isomerization of lycopene 
[13], [14], [17]–[20]. It helps to degrade the cell wall 
as well as the polysaccharide network surrounding the 
cell, leading to the release of intracellular contents by 
extraction. Pretreatment of plant cells with enzymes 
also reduces the extraction time by producing the  
disruption of the cell wall and allowing better penetration  
of solvent, enhancing the solubility of oil solvent and 
lycopene in the tomato matrix in the extraction step. 
It also improves the release of other compounds in 
the plant cell such as phenolic compounds and aroma 
compounds [13], [21]. Enzymes like cellulase and 
pectinase have been employed commonly in several 
extractions of carotenoids from plant tissues [8], [13], 
[20]. Using an enzyme system such as the combination 
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of flavorzyme and alcalase assists in the digestion and 
extraction of amino acids and peptides in Lemna minor 
[22]. In addition, the utilization of pectinase in the  
extraction of essential oil from gac aril improved not 
only the yield of oil recovered but also the quality of 
the oil by enhancing lycopene and β-carotene content 
[23].
 To the best of our knowledge, no study has  
evaluated the effect of Viscozyme L. in lycopene 
extraction using rice bran oil has been published. 
Viscozyme L. belongs to the cellulase enzyme 
class, it includes arabanase, cellulase, β–glucanase,  
hemicellulase and xylanase with optimal reaction  
conditions between pH 3.5–5.5 and 25–55 °C.  
Applying Viscozyme L. in lycopene extraction could 
be an efficient way in an enzyme treatment as the 
complex tomato cell wall consists of a variety of  
polysaccharides (cellulose, pectin, and hemicellulose)  
[14]. It is said that Viscozyme L. can effectively  
degrade cellulose/hemicelluloses and pectin components  
in tomato waste [24]. Furthermore, Viscozyme L. also 
is used in enzyme-assisted extraction from several  
plants such as apple pomace, gac, red capsicum, 
etc. [25]–[27]. The hydrolysis of plant tissues by  
enzymes varies significantly by differences in enzyme  
concentration, temperature reaction and incubation 
time [8], [28].
 There has been a growing interest in seeking a 
suitable solvent for the extraction of lycopene from 
industrial tomato waste due to the difficult diffusion 
of the solvent to the highly structured tomato peel 
tissue containing polysaccharides such as cellulose,  
hemicelluloses, and pectin [29]. Thus, the type of  
extraction solvent and the polarity of which play a vital 
role in the extraction of lycopene [8]. Several organic 
solvents have been applied efficiently in the extraction 
of lycopene such as acetone, hexane, ethanol, ethyl  
acetate or a mixture of them. However, organic solvents 
can pose a threat to human health and the environment 
because of the large quantity of waste generated by 
poisonous and toxic solvents [30]. For this reason, 
it needs to search for a greener solvent for lycopene  
extraction. As lycopene is a hydrophobic pigment, 
which dissolves better in non-polar solvents and fats, 
there are several studies linking the extraction of  
lycopene by using vegetable oils [11], [31], [32].
The positive effects of oil containing lycopene are  
concluded in lycopene recovery, preservation against 

lipid oxidation and increased nutritional and health 
benefits [31]–[33]. Oil and hydrophobic fats are  
described as having a lycopene coating which prevents  
oxygen from reacting with them, leading to their 
possible oxidation and degradation reactions [5].  
According to the research of Kehili et al. [31], it was 
stated that the use of refined olive oil in lycopene  
extraction from tomato peels has a positive effect 
on the stabilization of lycopene during long storage  
periods. The use of pigmented oil was found to be a 
colorant in fish sausage and the addition of carotenoids 
to the oil enhanced the sensory color, flavor, and  
overall quality score of the sausage [34]. In aquaculture  
feed provisions, pigmented oil could be typically  
employed as an energy source [35]. As a consequence, 
vegetable oils can be alternatives to organic solvents, 
meaning that there is no requirement for subsequent 
oil separation and lycopene. 
 Rice bran oil (RBO) is one of the most nutritious 
edible oils due to its balanced fatty acid profile [36]. 
Rice bran contains 15–20% lipids, 12–16% protein, 
7–11% crude fiber, 34–52% carbohydrate and 7–10% 
ash [37]. It is also unique among edible oils because 
it is abundant in phytoceuticals such as oryzanol,  
lecithin, tocopherols, and tocotrienols [38]. India, China, 
Thailand and Vietnam are among the major producers  
of RBO. In 2008, the International Association of 
Rice Bran Oil (IARBO) was hold by Vietnam to share  
technologies and research as well as rice bran’s benefits 
to users. Furthermore, Vietnam is predicted to have the 
potential to develop this healthy oil as Vietnam is the 
world’s leading rice producer and exporter. However, 
the distribution of rice bran oil is still limited among  
local consumers in Vietnam and the large majority 
of rice bran oil is extracted specifically for export. 
For these reasons, it is necessary to leverage rice 
bran production to push for the manufacturing and  
consumption of rice bran oil. The use of rice bran oil 
in the extraction of lycopene is not only an opportunity 
to solve the tomato waste problem but also to make 
a lipophilic natural colorant and bioactive ingredient. 
Nonetheless, studies on tomato peels were scarce 
in this aspect. According to an investigation of the  
thermal stability of lycopene in vegetable oils, lycopene  
tended to be degraded more slowly in rice bran oil 
than in grape seed oil and sunflower seed oil [39]. The 
antioxidant capacity of the oil sample is determined 
using the DPPH method due to its cost-effectiveness, 
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convenience of conducting tests, consistency, and  
usefulness at room temperature. This assay has 
been successfully applied in several studies of the 
antioxidant activity of antioxidant substances from 
plant sources such as Vitamin D3 in canola oil [40], 
hydrolyzed proteins [22], and natural antioxidants in 
germinated Sangyod rice [41]. 
 Because of those reasons, this study was  
conducted to determine the suitable enzymatic process  
for the extraction of lycopene from tomato peels  
using rice bran oil as a solvent. A fat-soluble substance 
containing lycopene can be used as a natural colorant 
or a functional ingredient in foods. The objectives 
of this research were to examine the impact of three  
extraction parameters including enzyme concentrations,  
incubation time and incubation temperature, thereby 
obtaining the highest carotenoid content in tomato 
peels.

2 Materials and Methods

2.1  Research location

The research experimental work was conducted at 
the laboratories of the Food technology department 
International University–Vietnam National University 
in Ho Chi Minh City.

2.2  Experimental design

2.2.1 Sample preparation

Forty kg of fully-ripe tomatoes used in this study were 
collected from Da Lat, Lam Dong province. Tomatoes 
were washed with water, removed the damaged parts 
and then measured the color based on the six stages 
from the tomato classifications of USDA [42]. Selected 
tomatoes were steamed for three minutes and hand 
peeled to separate the skin and the tomato pulp [43]. 
The peels were coarsely ground by a house grinder 
and were stored in plastic bags at –20 °C for further 
use. The moisture content was recorded for further 
discussion. Refined rice bran oil (Simply) was bought 
at local supermarkets.

2.2.2 Effects of enzyme concentration

Enzyme treatment was conducted based on the  

procedure suggested by Ranveer et al. [13] with some 
modifications. This study uses Viscozyme L. with 
enzyme activity 100 (FBG/g), density 1.21 (g/mL), 
optimum temperature (40–50 °C), and pH (3.3–4.5) 
from Novozymes Co., Denmark. In detail, 5 g of 
fresh tomato peels were added to Viscozyme L. at  
different concentrations: 0.5; 1; 1.5; 2; 2.5 (%, v/w). The  
reaction mixture was shaken using a shaking  
incubator (KS 4000 ICC, IKA, Germany) at 40 °C, 
300 rpm, for 150 min. After that, the mixture was 
mixed with 143 mL of rice bran oil (v/w) and shaken 
at room temperature, for 1 h on a magnetic stirrer for 
lycopene extraction. The volume of oil was determined 
by screening studies with tomato percentage was 3.5% 
(w/v) according to the lycopene extraction study using 
refined olive oil [31]. The mixture was then centrifuged 
at 7000 rpm for 15 min at 4 °C using a refrigerated 
centrifuge (Z326 K, Hermle Labortechnik GmbH, 
Wehingen, Germany). The supernatant was collected, 
which was separated from the water content and  
prepared for further analysis. The enzyme concentration  
giving the highest lycopene content was applied for 
further experiments. The experiment was carried out 
in triplicate.

2.2.3 Effects of enzymatic incubation time

The suitable enzyme concentration chosen from  
experiment 1 was added to 5 g of fresh tomato peels. The 
mixture was shaken at 40 °C, 300 rpm for 5 intervals  
(30, 60, 90, 120, and 150 min) to access the effect 
of incubation time. Then the oleoresin was mixed 
with rice bran oil (143 mL) to obtain the fat-soluble 
pigment. The mixture was shaken on a magnetic  
stirrer at room temperature, for 1 h, under dim light 
conditions. The supernatant was collected after  
centrifuging at 7000 rpm for 15 min at 4 °C and 
used for measurements of the total lycopene content,  
antioxidant capacity, peroxide value, acid value and 
color values. The low water content also was mostly 
removed after centrifuging. The results were compared 
with the untreated one. The experiment was done in 
triplicate.

2.2.4 Effects of enzymatic incubation temperature

The enzyme concentration and incubation time chosen 
from the previous experiments were introduced into 
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this experiment. Briefly, add 2% (v/w) concentration 
of Viscozyme L. to 5 g of fresh tomato peels before  
incubating for 90 minutes using a shaking incubator (KS 
4000 ICC, IKA, Germany) at 300 rpm. The different  
incubation temperatures employed in this experiment 
were 30, 40, 50, 60 and 70 °C. After incubating, the 
tomato mixture was mixed evenly with 143 mL of 
rice bran oil and centrifuged at 7000 rpm for 15 min 
at 4 °C. The supernatant was collected for further  
analysis. The experiment was designed in triplicate.

2.3  Data analysis

2.3.1 Determination of total lycopene content

Total lycopene content in the oil extracts was  
quantified using spectrophotometric analysis at  
503 nm in a 1 cm path length cuvette. More clearly, 
0.5 mL of the pigment-rich oil was dissolved with  
9.5 mL of ethyl acetate before measuring the  
absorbance. The absorbance of the pigmented oil 
was calculated by subtracting the absorbance of the 
oil only. Lycopene standard was used to construct a 
standard curve. The results were expressed as mg of 
lycopene/100 g dry weight (DW) and µg of lycopene/
mL oil.

2.3.2 Determination of antioxidant capacity

DPPH assay was modified from a method of Brand-
Williams et al. [44]. 100 μL of the pigmented oil 
diluted in ethyl acetate was mixed with 3.9 mL of 
a 6 × 10−5 mol/L of DPPH-ethyl acetate solution. 
The mixture was vortexed well and kept in darkness  
for 30 min. The absorbance of the mixture was  
spectrophotometrically detected at 515 nm. The 
analysis was performed in triplicate. The standard 
curve was conducted by Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid). The results 
achieved were displayed as μmol Trolox equivalent 
(TE)/mL oil.

2.3.3 Determination of peroxide value

The peroxide value of the pigmented oil was  
determined according to the procedure of Nielsen,  
[45]. The procedure was performed with 5 g of 
oil sample dissolved in 30 mL acid-chloroform  

solution in a 250 mL glass Erlenmeyer flask. Then, 
0.5 mL of saturated KI solution was added and stood 
for 1 min before adding 30 mL of distilled water.  
Next, the mixture was titrated slowly with 0.005N 
sodium thiosulfate solution with vigorous shaking 
until the yellow color was gone. 0.5 mL of 1% starch 
solution was mixed and continued to titrate until the 
blue color disappeared. Record the volume of titrant 
used. A blank sample (omitting the oil) was titrated 
and recorded the volume of titrant used. The peroxide 
value was calculated by the following formula. The 
results obtained were displayed as mEq peroxide per 
kg of pigmented oil.

2.3.4 Determination of acid value

The acid value of pigment-containing rice bran oil was 
calculated by weighing the appropriate amount of the 
melted oil sample and adding 50 mL of neutralized hot 
ethyl alcohol and 1 mL of phenolphthalein indicator. 
Then the mixture was heated for around 15 min in a 
waterbath (75 °C). After that, the mixture was added 
1 mL of phenolphthalein indicator and titrated with 
standard base (0.1 N NaOH) until the endpoint was 
reached when the light pink appears. Consequently, 
the acid value is calculated by the following formula 
[Equation (1)]:

Acid value = 56.1 × V × 100/W (1)

Where W is the weight of oil that equals 5 g, V is the 
titer value of 0.1 N NaOH.

2.3.5 Color measurement

The color of the pigmented oil was measured using a 
portable colorimeter (Lutron RGB-1002). The R, G, B 
index was converted to L*, a*, b* for analysis.

2.3.6 Statistical analysis

Data were subjected to analysis of variance using 
the Minitab software (version 16, Minitab Inc., State 
College, PA, USA). One-way ANOVA was applied to 
determine the statistically significant differences in 
the lycopene content, antioxidant capacity, peroxide  
value, acid value and color of the pigmented oil  
between different extraction conditions. The significant  
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difference comparisons were executed by Fisher’s test 
(p ≤ 0.05). Results were presented as means ± standard 
deviations of triplicate experiments with a level of 
confidence of 95%.

3 Results and Discussions

3.1  Effects of enzyme concentration

From many previous  s tudies ,  the  enzyme  
pretreatment of tomato peels before extraction 
has been shown to be an efficient way to improve  
lycopene recovery [8], [17], [46]. Furthermore, from the 
environmental perspective, the enzyme pretreatment  
is opposed to be an eco-friendly manner to obtain a high 
lycopene yield under the mild extraction conditions  
of the tomato waste. Viscozyme L. is one of the 
common enzymes used in the food industry and is a 
multi-active enzyme with the capacity of hydrolyzing  
the polysaccharides in plant cells and leaving the  
linkages within the polysaccharide matrix to liberate  
the inner component of tomato cells. It can be  
responsible to conduct under a wide range of pH  
between 3 to 7 and the optimal pH is 3.3 to 5.5. Besides,  
Viscozyme L. has been applied in many studies to  
increase the efficiency of the extraction of carotenoids 
in general and of lycopene in particular [27], [28]. 
Nath et al. 2016 [28] stated that the application of 
Viscozyme L. was presented to be very effective in 
the extraction of total carotenoids and other bioactive  
compounds. To ensure the ideal conditions for  
Viscozyme L. to assist at its optimum in this  
investigation, the tomato peel sample had a moisture 
content of 86.78 0.9 wt% and a pH maintained in the 
range of 3.45–3.55 (Table 1).

Table 1: Moisture content and pH of tomato peels
Parameter Tomato Peels

Moisture (%) 86.78 ± 0.9
pH 3.45–3.55

 Table 2 showed that all of the enzymatic  
pretreatments with different enzyme concentrations  
increased the lycopene yield significantly in  
comparison to the untreated one (p ≤ 0.05), from 83.07 
± 5.68 mg/100 g DW to 253.75 ± 5.56 mg/100 g DW. 
The control test showed the lowest lycopene yield 
of 83.07 ± 5.68 mg/100 g DW. When the enzyme  

concentration was increased, more lycopene was  
released.  An increase in the lycopene extraction yield 
by 3 times after enzyme treatments was reported [17], 
[47]. This phenomenon could be explained by the  
presence of enzymes in the extraction mixture that 
enabled the easy extraction of bioactive compounds 
trapped in plant cells owing to the enzymatic hydrolysis.  
Tomato cell walls contain some major components 
such as pectin, cellulose, and hemicelluloses, which 
can be degraded by the Viscozyme L. that was possible 
to decompose these structures due to its pectinase, 
cellulase and hemicellulose activities. Thus, it could 
be easy for the solvent to penetrate the tomato tissue 
and achieve an improved extraction of lycopene in the 
tomato cell. In other studies, it was found that there was 
an increase of 1.5 to 20 times the initial lycopene yields 
from tomato waste as a result of enzyme pretreatment 
at different concentrations. 

Table 2: The effects of enzyme concentrations on the 
lycopene content in the pigmented oil

Sample Lycopene Content
(µg /mL oil)

Lycopene Content
(mg /100 g DW)

Control 3.84 ± 0.26e  83.07 ± 5.68f

0.5 % 6.21 ± 0.22d 134.27 ± 4.70e

1 % 8.42 ± 0.25c 182.06 ± 5.49d

1.5 % 9.95 ± 0.22b 215.34 ± 4.70c

2 % 11.73 ± 0.26a 253.75 ± 5.56a

2.5 % 10.61 ± 0.45ab 229.57 ± 9.84b

* The values are means ± standard deviations (n = 3). Mean values 
sharing different letters are significantly different (p ≤ 0.05).

 In this study, the highest lycopene content was 
obtained by the addition of enzyme at 2%, reaching  
253.75 ± 5.56 mg/100 g DW followed by the  
addition of 2.5% and 1.5%, which reached 229.57 ± 
9.84 and 215.34 ± 4.70 (mg/100g DW), respectively. 
The obtained results were higher than those of previous 
findings. According to previous views of enzymatic 
treatment of lycopene extraction using Viscozyme L., 
Nam [48] said that the highest lycopene was obtained 
with an enzyme concentration of 1%. These differences  
should be taken into account with respect to raw  
materials and the activity of enzymes and the successive  
solvent extraction after the enzymatic treatment. Many 
studies had demonstrated that lycopene content varied 
within the variety of tomatoes, agricultural practices, 
soil, climate factors, fruit growth, harvesting date, 
genotype, degree of maturity and post-harvest handling  
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[49], [50]. The increase in extraction yield was  
observed with increases in enzyme concentrations up 
to 2% but was not observed with the further increase 
in enzyme concentration to 2.5%. This could be 
due to the enzyme concentration reaching the point 
that the enzyme could interact with and degrade the  
lycopene released. Secondly, the enzyme might 
reach the saturation point at which no longer enzyme  
concentration could have an impact on lycopene content.  
The obtained results proved the evidence that the 
lycopene extraction should be conducted with 2% 
Viscozyme L. to obtain the highest lycopene content.
 Figure 1 shows the antioxidant capacity increased 
significantly (p ≤ 0.05) when the enzyme concentration 
increased from 0.5% to 2%. The highest value 3.84 
± 0.1795 (μmol TE/mL oil) obtained at an enzyme  
concentration of 2% and this value was not significantly  
different from the one collected at 1.5% (3.83 ± 0.09 
μmol TE/mL oil). The phenomenon could be clarified 
by saying that the high content of many components 
in rice bran oil, such as vitamin E and the presence 
of mainly tocotrienols or the synergistic effect of  
tocopherols and tocotrienols [51], [52] also considered 
to affect the antioxidant activity of the pigmented oil. 
Moreover, a considerable decrease was witnessed in 
the antioxidant capacity of the following sample with 
an enzyme concentration of 2.5%. This could be a  
result of the decreasing lycopene content of the sample 
treated at 2.5% enzyme concentration, leading to a 
slight decrease in antioxidant capacity. Because of a 
high physical quenching rate of singlet oxygen, which 

is directly related to the antioxidant capacity, lycopene 
could stop lipid oxidation at an initial stage. This 
ability is twice as high as β-carotene and 100 times 
higher than α-tocopherol [53], hence the presence of 
these two substances in the oleoresin was insufficient 
to compensate for lycopene shortage. The control one 
had an antioxidant activity of 3.42 ± 0.01 (μmol TE/
mL oil). Thus, it could be concluded that lycopene 
was capable of generating the antioxidant effect in 
the pigmented oil. This observation supported similar  
findings in previous studies. Lycopene–enriched  
walnut oil was also investigated an antioxidant capacity  
in a study by Xie et al. [54], which demonstrated that 
the 0.005% lycopene added to walnut oil exhibited 
the greatest antioxidant effect, extending the shelf 
life of the oil.

Table 1: Color changes of the pigmented oil with  
different enzyme concentrations

Sample a* b* a*/b*
Rice bran –1.87 ± 0.01d 22.73 ± 0.02c –0.08 ± 0.01d

Control 2.44 ± 0.41c 24.98 ± 0.31c –0.11 ± 0.01c

0.5% 16.68 ± 0.80b 42.45 ± 0.55a 0.39 ± 0.02b

1% 16.57 ± 1.30ab 43.19 ± 0.50a 0.38 ± 0.03b

1.5% 16.41 ± 0.65b 43.92 ± 0.25a 0.37 ± 0.01b

2% 17.95 ± 0.52ab 40.31 ± 0.71b 0.44 ± 0.01a

2.5% 18.63 ± 0.13a 43.63 ± 0.63a 0.43 ± 0.01a

*The values are means ± standard deviations (n = 3). Mean values 
sharing different letters are significantly different (p ≤ 0.05). 

 The grading of color in the oil sample was also 
vital in the oil sample and color was also one of the 
primary attributes used to sort the colorant and towards 
the customers about food products. Color change was 
quantified using the CIE (L*, a*, b*) system. In this 
coordinate system, the a* value represents the red/
green axis and varies from −100 (greenness) to +100 
(redness) and the b* value represents the yellow/
blue axis and ranges from −100 (blueness) to +100  
(yellowness). The values of a* and b* were used to 
determine the color index because the color index 
a*/b* was used to illustrate the redness of samples 
[8]. Table 3 showed the a*/b* values of both the 
initial rice bran oil, the pigmented oil with enzymatic 
treatment and the oil containing tomato peels treated 
without enzyme (the control one). The ratio of a* 
to b* significantly differed in the rice bran oil with 
treated samples and the non–treated ones as the ratio 
a*/b* increased dramatically, nearly 6 times indicating  

Figure 1: The effects of enzyme concentration on the 
antioxidant capacity in the pigmented oil. The values 
are means ± standard deviations (n = 3). Mean values 
sharing different letters are significantly different  
(p ≤ 0.05).
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the color of the oil was shifting to red. It was well 
reported that the application of lycopene content could 
change the color of the sample due to the red color 
of lycopene. Therefore, enriching lycopene could be 
an efficient way to improve the functionality, as well 
as color quality of food products. Furthermore, the  
highest color index was observed in the sample with 
2% Viscozyme concentration, which possibly related 
to the highest lycopene content in this sample and that 
also was insignificant different with the pigmented oil 
with 2.5% enzyme. It might be because of the interfere 
of initial yellow color of rice bran oil.  Except for the 
only rice bran oil sample, the control was obtained as 
the lowest color change compared to the treated ones. 
This could be explained by the higher lycopene content 
of these samples.
 Peroxide value (PV) is widely used as a measure  
of the initial oxidation level causing rancidity in  
foodstuffs. It is also necessary to determine the acid 
value (AV) of the oil sample, which expresses the 
amount of free fatty acids in oil as the amount of KOH 
(in mg) to neutralize 1g of oil. These parameters are the 
main factors, which indicate the quality and stability 
of carotenoid-enriched oil.
 In this research, the impact of enzyme  
concentration on peroxide value and acid value was 
significant (p ≤ 0.05) [Figures 2(a) and (b)]. It was 
clear that the peroxide value of the treated sample 
was higher than the untreated one. It could be a result  
of enzymatic treatment during a long period of  
exposure to oxygen, elevated temperatures and peroxide  
compounds [55]. However, it showed the highest  
peroxide value in samples at 2.5% (1.21 ± 0.07 meq 
O2/kg oil), followed by that of 2% (1.04 ± 0.07 meq 
O2/kg oil) and no significant difference among samples 
treated with 0.5, 1, and 1.5% enzyme. The impossible 
cause of this effect was that the pro-oxidant effects 
of lycopene released from the sample with a high  
concentration of lycopene could promote the oxidation 
of vegetable oils by liberating radicals from fatty acids 
or hydroperoxides in certain conditions. Therefore, 
the pro-oxidation effect of lycopene in the extraction 
reaction should be considered. During the period of 
enzymatic treatment, the oxidation could occur by the 
interaction of the unsaturated fatty acids in rice bran oil 
with oxygen [56]–[58]. The enzyme concentration led 
to small differences between the other treated samples. 
 According to the data shown in Figure 2(b), the 

acid values of the oil samples at different enzyme  
concentrations were statistically different (p ≤ 0.05) and 
the sample treated at 2.5% had the highest acid value  
(1.35 ± 0.08 mg KOH/g oil), followed by the sample 
with 2% enzyme concentration (1.31 ± 0.08 mg KOH/g 
oil). The control one and the sample treated with 0.5% 
both obtained low values of acid. This observation 
supported the reported studies. When studying the  
effects of enzyme concentrations on the acid value 
of oil extracted from wild apricot kernels, Bisht et al. 
[60] showed that the acid value of the wild apricot oil  
increased with increasing in enzyme concentrations. 
This phenomenon was due to the presence of enzymes 
and moisture content in the pre-treatment which  
triggered the rancidity in the pigmented oil. The acid 
values of samples with 1% and 1.5% Viscozyme L. 
concentrations were similar and slightly lower than 
those with 2%. However, the acid values also fluctuated  

(a)

(b)
Figure 2: The effects of enzyme concentration on 
the peroxide value (a) and acid value (b) of the  
enriched-lycopene oil sample. The values are means 
± standard deviations (n = 3). Mean values sharing 
different letters are significantly different (p ≤ 0.05).
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although the enzyme concentration increased. The PV 
and AV of samples with lycopene increased slower than 
those of samples without lycopene, therefore lycopene 
could be considered a positive barrier against the  
rancidity of the sample.
 However, the peroxide and acidity values of 
all samples in the present study were lower than the 
TCVN specification according to which the edible oil 
qualifying as good quality oil should have a maximum 
AV of 4 mg KOH/g oil and a maximum PV of 15 meq 
O2/kg oil with the PV (1.21 ± 0.07 meq O2/kg oil) and 
the AV (1.35 ± 0.08 mg KOH/g oil).

3.2  Effects of enzymatic incubation time

In the enzymatic treatment, incubation time also plays 
a crucial role in contributing to the carotenoid yields 
of the extraction. As mentioned above, the optimum  
temperature for Viscozyme L. activity is from 25–55 °C;  
However, to avoid the lycopene degradation caused 
by exposure to high temperatures, the experiments 
were conducted at 40 °C. After that, many intervals of 
incubation time were applied to estimate the suitable 
enzyme incubation duration. 

Table 2: Lycopene content of the pigmented oil at 
different incubation times

Sample Lycopene Content
(µg/ mL oil)

Lycopene Content
(mg/ 100 g DW)

Control  3.84 ± 0.26e  83.07 ± 5.68e

30 min  8.43 ± 0.46d 182.06 ± 9.89d

60 min 11.73 ± 0.57b  253.75 ± 12.20b

90 min 14.49 ± 0.44a 313.48 ± 9.51a

120 min 12.21 ± 0.89ab   264.27 ± 19.20b

150 min 9.74 ± 0.37c 202.82 ± 8.07c

*The values are means ± standard deviations (n = 3). Mean values 
sharing different letters are significantly different (p ≤ 0.05).

 From Table 4, the lycopene contents of the  
pigmented oil were observed to increase significantly 
(p ≤ 0.05) when the incubation time increased from 
30 min to 90 min. When increasing the incubation 
time, the enzyme was allowed to act more extensively  
on the plant matrix, thus enhancing the disruption 
of plant cells, consequently making the solvent  
penetration of the extraction step easier [39]. Similar 
results had also been obtained by other studies [8], 
[13], [23]. Catalkaya and Kahveci [8] also highlighted 
that the lycopene yield followed an increasing trend 

up when prolonging incubation time; however, it was 
reduced thereafter. The greatest value of lycopene 
in the pigmented oil was achieved at the enzyme  
incubation time of 90 min, the lycopene content was 
313.48 ± 9.51 (mg/100 g DW), which was 4-folds 
higher than the untreated one (83.07 ± 6.84 mg/100 g  
DW). After that, there was a progressive reduction in 
the lycopene content (at 120 min and 150 min). These 
values were 264.27 ± 19.20 (mg/100 g DW) and 
202.82 ± 8.07 (mg/100 g DW), respectively.
 Firstly, it was well known that lycopene was 
easily degraded by physical and chemical factors  
including heat, light, oxygen and extreme pH  
exposure [4]. Therefore, when the enzymatic reaction 
was prolonged, oxidation might occur as lycopene 
content was exposed to oxygen from the surroundings, 
which decreased the lycopene amount in the pigmented 
oil. Secondly, it might be due to the decrease in enzyme  
activity over time or the exhaustion of substrate.  
According to Lavecchia and Zuorro [17], they suggested  
that the enzyme activity would occur very fast,  
especially within the first hour during which lycopene 
trapped in the protective chromoplast structures of 
the tomato could release rapidly during the enzymatic 
incubation. Therefore, the results supported the view 
that enzymatic pretreatment should be conducted at 
the appropriate time to minimize the loss of lycopene 
extracted by several internal and external factors. As 
a result, the enzyme incubation time of 90 min was 
chosen from the obtained results. 
 Figure 3 indicated the incubation time had a 
significant (p ≤ 0.05) influence on the antioxidant  
capacity of the pigmented oil since the incubation time 

Figure 3: The effects of enzyme incubation time on 
antioxidant capacity. The values are means ± standard 
deviations (n = 3). Mean values sharing different letters 
are significantly different (p ≤ 0.05).
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increased from 30 min to 120 min, the antioxidant 
capacity increased from 3.85 ± 0.11 (μmol TE/mL 
oil) to 4.09 ± 0.04 (μmol TE/mL oil). The increase 
in antioxidant capacity could be explained partly by 
the increase in the lycopene content of the pigmented 
oil. However, the sample for the incubation time of 
90 min had the highest lycopene content but not the 
highest antioxidant capacity (3.92 ± 0.16 μmol TE/
mL oil). This phenomenon could be explained by the 
fact that the antioxidant capacity of the samples was 
not only due to lycopene but also dependent on other 
antioxidants including phenolic compounds in the  
tomato peels [51], [60]. Thus, the presence of different 
types of antioxidant substances would also affect the 
antioxidant capacity of the pigmented oil. In addition, 
a combination of lycopene and other antioxidants was 
an important factor affecting the antioxidant capacity  
according to Shi et al. [61]. When examining the  
antioxidant properties of lycopene and other carotenoids  
in tomatoes, the authors indicated that a mixture of 
lycopene and vitamin E already presented in tomatoes 
and rice bran oil could obtain the highest synergistic 
antioxidant activity. Therefore, antioxidant capacity 
was also affected by the profile of many compounds 
in rice bran oil [62]. The antioxidant activity of the  
control, 30, 60, and 150 min were 3.85 ± 0.11 (μmol TE/
mL oil), 3.93 ± 0.17 (μmol TE/mL oil) and 3.49 ± 0.13  
(μmol TE/mL oil). It was all related to the lycopene 
concentration.

Table 3: Color values of a*, b* and a*/b* of the 
pigmented oil at different enzymatic incubation time

Sample a* b* a*/b*
Control –1.87 ± 0.01d 22.73 ± 0.02c –0.11 ± 0.01d

30 min 15.82 ± 0.82c 44.62 ± 1.28ab  0.35 ± 0.02c

60 min 18.46 ± 0.50b 44.64 ± 1.50ab  0.41 ± 0.02b

90 min 23.27 ± 0.99a 46.31 ± 0.56a  0.50 ± 0.02a

120 min 15.96 ± 0.87c 43.73 ± 1.24ab  0.36 ± 0.01c

150 min 18.16 ± 0.50b 42.23 ± 0.26b  0.43 ± 0.01b

*The values are means ± standard deviations (n = 3). Means sharing 
different letters are significantly different (p ≤ 0.05). 

 The color changes of rice bran oil and the  
pigmented oil of samples at different incubation 
times with Viscozyme L. were presented in Table 5. It 
showed that the enzyme incubation times significantly  
affected the color changes of pigmented oil. The  
increased ratio index of a*/b* illustrated the increasing 
redness of the lycopene-enriched oil. Compared to the 

non-enzyme treated sample, the color of the treated 
one changed to an intense orange-red color owing to 
the increased presence of lycopene. The redness color 
was obtained when the pigmented oil has treated for  
90 min (0.5 ± 0.02), which the highest lycopene  
content was achieved. The control sample expressed 
the least amount of redness (–0.11 ± 0.01). Thus, it 
could be stated from the current work that the higher 
concentration of lycopene content imparted the higher 
red color to the oil sample. However, the redness of the 
sample incubated for 150 min (0.43 ± 0.01) was higher 
than that of the 120 min sample (–0.36 ± 0.01) although 
the lycopene content of the former was significantly 
lower than that of the latter. It might be a result of the 
higher peroxide value as an increase in peroxide value 
could bring a darker color to the oil sample.
 Effects of the enzymatic incubation time on AV 
and PV values are presented in Figure 4(a) and (b), 
respectively. Both PV and AV of the pigmented oil 
increased significantly when the incubation time was 

(a)

(b)
Figure 4: The effects of enzyme incubation time on the 
peroxide value (a) and acid value (b) of the pigmented 
oil. The values are means ± standard deviations (n = 3). 
Mean values sharing different letters are significantly 
different (p ≤ 0.05).
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prolonged. These values of the pigmented oil incubated  
for 150 min were highest at 1.21 meq O2/kg oil and 
1.08 ± 0.09 mg KOH/g oil. It may be due to the  
impurity content of the tomato oleoresin added to 
the rice bran oil, leading to an increase in PV and 
AV values. Prolonging incubation time increased 
the number of contaminants in the tomato oleoresin,  
following a higher level of acid-forming oil oxidation.  
However, the PV values were unstable because the 
hydroperoxides of unsaturated fatty acids formed 
by lipid oxidation were very unstable [63]. In terms 
of AV, the two values of the control sample had  
insignificant differences as compared to those of the 
pigmented oil incubated for 30 min. They were 1.03 
± 0.08 (mg KOH/g oil) and 1.06 ± 0.07 (mg KOH/g 
oil), respectively. It was likely that the high lipases and 
lipoxygenases contents in the rice bran oil would make 
the oil more prone to oxidation during the experimental 
duration [64], making the non-treated sample have a 
higher acid value. 

3.3  Effects of incubation temperature

Table 6 below showed the effects of incubation  
temperature on the yields of lycopene. The samples 
were treated with a 2% Viscozyme L. concentration 
and incubated for 90 minutes at different temperatures 
ranging from 30 °C to 70 °C. It can be seen that when 
the temperatures were increased from 30 °C to 50 °C, 
there was an increase in the lycopene content of the 
pigmented oil, from 246.35 ± 4.03 (mg/100 g DW) to 
320.88 ± 8.54 (mg/100 g DW). The lowest value was 
obtained from the non-enzyme treated sample (83.07 ± 
5.68 mg/100 g DW). At 50 °C, the experiment obtained 
the highest lycopene content (320.88 ± 8.54 mg/100 g 
DW) which supported the report studied. 

Table 4: Lycopene content of the pigmented oil at 
varying incubation temperature

Sample Lycopene Content 
(µg/mL oil)

Lycopene Content 
(mg/100 g DW)

Control 3.84 ± 0.26d 83.07 ± 5.68e
30 °C 11.39 ± 0.19c 246.35 ± 4.03d

40 °C 11.59 ± 0.23c 250.62 ± 4.92d

50 °C 14.83 ± 0.40a 320.88 ± 8.54a

60 °C 13.36 ± 0.12b 289.02 ± 2.61b

70 °C 12.62 ± 0.28bc 273.09 ± 6.16c

*The values are means ± standard deviations (n = 3). Mean values 
sharing different letters are significantly different (p ≤ 0.05).

 In the study of enzyme-assisted treatment of 
lycopene extraction from tomatoes, it was found 
that the highest lycopene yield was obtained at 50°C 
after incubation for 60 min [48]. However, when the  
temperature increased to 60 °C and 70 °C, a decreasing 
trend was observed. The values were 289.02 ± 2.61 
(mg/100 g DW) to 273.09 ± 6.16 (mg/100 g DW),  
respectively. It was well expected as lycopene could 
not be stable and was easy to degrade at higher  
temperature due to oxidation and isomerization. In 
addition, under a mild heat treatment, from 25 °C to 
50 °C, temperature could be degraded mainly due 
to oxidation without isomerization. However, when 
temperatures were higher than 70 °C, lycopene could 
be susceptible to both oxidation and isomerization.  
Besides, it had been pointed out that lycopene 
was found in plant cells in a more stable all-trans 
form, which could transfer to the cis-form during a  
temperature and time-induced reaction. Thus, this 
change in lycopene form led to a decrease in the  
visible band absorption in spectrophotometric analysis 
because cis–form lycopene had different physical and 
chemical properties than trans–form lycopene [8]. For 
this reason, the lycopene content could be decreased.  
Therefore, the efficient incubation temperature of 
enzyme pretreatment for achieving a higher content 
of lycopene should be about 50 °C. 
 According to Figure 5, the antioxidant capacity  
increased significantly when the incubation  
temperature increased from 30 °C to 50 °C but changed 
insignificantly when the incubation temperature was 
elevated further to 60 °C and 70 °C. From 30–50 °C,  

Figure 5: The effects of enzyme incubation temperature  
on antioxidant capacity. The values are means ± standard  
deviations (n = 3). Mean values sharing different letters 
are significantly different (p ≤ 0.05).
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the lycopene concentration in the pigmented oil  
increased from 246.35 ± 4.03 (mg/100 g DW) to 
320.88 ± 8.54 (mg/100 g DW). When increasing 
the incubation temperature to 60 °C and 70 °C, the 
lycopene content was 3.75 ± 0.06 (μmol TE/mL oil) 
and 3.73 ± 0.15 (μmol TE/mL oil), respectively. The 
changes in antioxidant capacity could be explained by 
the changes in lycopene content due to the antioxidant 
properties of the carotenoid compounds. Lycopene has 
quenching ability towards singlet oxygen (O2), based 
on the excited energy state, and is greatly related to 
the length of the conjugated double bond system [3]. 
The highest antioxidant was observed in the sample 
incubated with 2% Viscozyme L. at 50 °C (4.04 ± 0.13 
μmol TE/mL oil), which was followed by that of the 
one at 60 °C (3.75 ± 0.06 μmol TE/mL oil). There was 
a strong relation between lycopene and antioxidant 
activity (R = 0.9).

Table 5: Color values of a*, b* and a*/b* of the 
pigmented oil samples at different incubation  
temperatures

Sample a* b* a*/b*
Control –1.87 ± 0.00c  22.73 ± 0.02b –0.11 ± 0.01e

30 °C 13.87 ± 0.63b   42.20 ± 0.50a  0.33 ± 0.01bc

40 °C 15.27 ± 0.50b   45.80 ± 2.30a 0.33 ± 0.02b

50 °C 17.79 ± 0.32a 43.63 ± 0.22a 0.41 ± 0.01a

60 °C 12.20 ± 0.72b 40.02 ± 0.33a  0.31 ± 0.02cd

70 °C 12.58 ± 0.91b 42.04 ± 1.15a 0.30 ± 0.02d

*The values are means ± standard deviations (n = 3). Mean values 
sharing different letters are significantly different (p ≤ 0.05).

 The ratio index of a*/b* in Table 7 indicated 
the color of the pigmented oil varied significantly  
according to different incubation temperatures. Similar 
to the trend of lycopene content, the redness of the  
50 °C sample, which had the greatest lycopene  
content obtained the highest color index of 0.41 ± 
0.01. The least reddish-yellow color was also obtained 
in the control sample. It was stated that the extended  
conjugated double bond system of lycopene was 
responsible for its visible color because the higher 
the number of conjugated double bonds, the higher 
the wavelength absorption [65]. Therefore, the more 
concentration of lycopene increased the more redness 
in color of samples. Besides, the yellow color of the 
rice bran oil also affected the ratio of a* and b*.
 It can be seen from Figure 6(a), the incubation  

time had a significant impact on the PV of the 
carotenoid-enriched oil (p ≤ 0.05). Indeed, when the 
incubation temperature increased from 30 °C to 70 °C, 
the peroxide value of the pigmented oil increased. The 
values were ranging 0.39 ± 0.02 (meq O2/kg oil) to 
2.21 ± 0.06 (meq O2/kg oil). The elevated temperature 
during enzyme pretreatment was supposed to favor the 
oxidation of the lipid fraction in the tomato oleoresin, 
leading to the formation of hydroperoxides, which 
increased the peroxide values.
 In terms of AV, due to the elevated incubation 
temperature, there was a significant statistical increase 
of AV observed in enzyme-assisted samples compared 
to the control one (0.89 ± 0.08 mg KOH/g oil). Indeed, 
the extraction process promoted the acid value of the 
pigmented oil. Among enzyme-treated samples, AV 
values were similar, which indicated varying different  
temperatures did not significantly affect the AV value 
of the pigmented oil (p > 0.05). It may be due to 
the whole extraction process using rice bran oil was  
conducted under dim light and for the same period 
of time. Thus, the changes in the acid value are only 
significantly different between the non-treated sample 

(a)

(b)
Figure 6: The effects of enzyme incubation temperature  
on the peroxide value (a) and acid value (b) of the 
pigmented oil. The values are means ± standard  
deviations (n = 3). Mean values sharing different letters 
are significantly different (p ≤ 0.05).
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and the treated ones. According to TCVN (TCVN 
7597:2018), it could be noticed that the peroxide and 
acid values of all samples studied in the current work 
were in the acceptable ranges of the standard for good 
quality oil.

4 Conclusions 

From the work, it was found that the lycopene content 
reached the peak when tomato peels were incubated 
with 2% Viscozyme L. for 90 min at 50 °C. Although 
the extraction process increased the peroxide and 
acid values, they were still in the acceptable range  
according to TCVN 7597:2018 for the edible oil. In 
this way, the study provided a practical approach for 
producing a lycopene-enriched oil product which can 
also be an integrated way to utilize tomato waste. 
To enhance the lycopene content, besides enzymatic 
pre-treatments, other methods such as ultrasound– 
assisted extraction should also be studied. Response 
Surface Methodology should be conducted to optimize  
operating conditions to obtain the desired lycopene  
content as well as to minimize the lycopene degradation.

Acknowledgments

This research is funded by International University, 
VNU-HCM under grant number T2020-06-BT

Author Contributions

T.M.Tnguyen: investigation, writing an original draft; 
data analysis; H.V.H.Nguyen: conceptualization, 
data curation, writing—reviewing, editing, funding  
acquisition, project administration. All authors have 
read and agreed to the published version of the 
manuscript. All authors have read and agreed to the 
published version of the manuscript.

 Conflicts of Interest

The authors declare no conflict of interest.

References

[1] Mendelová, M. Fikselová, and L. Mendel,  
“Carotenoids and lycopene content in fresh 
and dried tomato fruits and tomato juice,”  

Acta Universitatis Agriculturae et Silviculturae  
Mendelianae Brunensis, vol. 61, no. 5, pp. 1329– 
1337, 2013.

[2] E. N. Story, R. E. Erica, and S. J. Schwartz, “An 
update on the health effects of tomato lycopene,” 
Annual Review of Food Science and Technology,” 
vol. 1, pp. 189–210, 2010.

[3] K. W. Kong, H. E. Khoo, K. N. Prasad, A. Ismail, 
C. P. Tan, and N. F. Rajab, “Revealing the power 
of the natural red pigment lycopene,” Molecules, 
vol. 15, no. 2, pp. 959–987, 2010.

[4] M. Camara, M. de Cortes Sánchez-Mata,  
V. Fernández-Ruiz, R. M. Cámara, S. Manzoor, and 
J. O. Caceres, “Lycopene: A review of chemical  
and biological activity related to beneficial health 
effects,” Studies in Natural Products Chemistry, 
vol. 40, pp. 383–426, 2013.

[5] J. Chen, J. Shi, S. J. Xue, and Y. Ma, “Comparison  
of lycopene stability in water-and oil-based 
food model systems under thermal-and light-
irradiation treatments,” LWT-Food Science and 
Technology, vol. 42, no. 3, pp. 740–747, 2009.

[6] R. K. Saini, K. R. R. Rengasamy, G. Zengin, and 
Y.-S. Keum, “Protective effects of lycopene in 
cancer, cardiovascular, and neurodegenerative  
diseases: An update on epidemiological and 
mechanistic perspectives,” Pharmacological 
Research, vol. 155, 2020, Art. No. 104730.

[7] M. M. Poojary and P. Passamonti, “Extraction of 
lycopene from tomato processing waste: Kinetics  
and modelling,” Food Chemistry, vol. 173,  
pp. 943–950, 2015.

[8] G. Catalkaya and D. Kahveci, “Optimization 
of enzyme assisted extraction of lycopene 
from industrial tomato waste,” Separation and  
Purification Technology, vol. 219, pp. 55–63, 
2019.

[9] G. Ronen, M. Cohen, D. Zamir, and J. Hirschberg,  
“Regulation of carotenoid biosynthesis during 
tomato fruit development: Expression of the 
gene for lycopene epsilon‐cyclase is down‐
regulated during ripening and is elevated in the 
mutant Delta,” The Plant Journal, vol. 17, no. 4,  
pp. 341–351, 1999.

[10] Genova, P. Schreinemachers, and V. Afari-Sefa,  
“Adoption, yield and profitability of tomato 
grafting technique in Vietnam,” in Regional  
Symposium on Sustaining Small-Scale Vegetable 



T.M.T. Nguyen and H.V.H Nguyen, “Enzymatic Assisted Treatments of Lycopene Extraction from Tomato (Lycopersicon Esculentum) Peels 
using Rice Bran Oil.”

14 Applied Science and Engineering Progress, Vol. 17, No. 1, 2024, 6916

Production and Marketing Systems for Food and 
Nutrition Security (SEAVEG2014), pp. 206–216, 
2015. 

[11] A. Zuorro, R. Lavecchia, F. Medici, and L. Piga, 
“Enzyme-assisted production of tomato seed oil 
enriched with lycopene from tomato pomace,” 
Food and Bioprocess Technology, vol. 6, no. 12, 
pp. 3499–3509, 2013.

[12] A. H. Al-Muhtaseb, M. Al-Harahsheh,  
M. A. Hararah, and T. R. A. Magee, “Drying  
characteristics and quality change of unutilized-
protein rich-tomato pomace with and without 
osmotic pre-treatment,” Industrial Crops and 
Products, vol. 31, no. 1, pp. 171–177, 2010.

[13] R. C. Ranveer, S. N. Patil, and A. K. Sahoo,  
“Effect of different parameters on enzyme-
assisted extraction of lycopene from tomato  
processing waste,” Food and Bioproducts  
Processing, vol. 91, no. 4, pp. 370–375, 2013.

[14] S. Cuccolini, A. Aldini, L. Visai, M. Daglia, and 
D. Ferrari, “Environmentally friendly lycopene 
purification from tomato peel waste: Enzymatic  
assisted aqueous extraction,” Journal of  
Agricultural and Food Chemistry, vol. 61, no. 8, 
pp. 1646–1651, 2013.

[15] S. K. Sharma and M. L. Maguer, “Kinetics of 
lycopene degradation in tomato pulp solids under 
different processing and storage conditions,” 
Food Research International, vol. 29, no. 3–4, 
pp. 309–315, 1996.

[16] M. S. Lenucci, M. De Caroli, P. P. Marrese, 
A. Iurlaro, L. Rescio, V. Böhm, and G. Piro, 
“Enzyme-aided extraction of lycopene from 
high-pigment tomato cultivars by supercritical 
carbon dioxide,” Food Chemistry, vol. 170,  
pp. 193–202, 2015.

[17] R. Lavecchia and A. Zuorro, “Improved lycopene 
extraction from tomato peels using cell-wall  
degrading enzymes,” European Food Research 
and Technology, vol. 228, no. 1, pp. 153–158, 
2008.

[18] I. Navarro-González, V. García-Valverde,  
J. García-Alonso, and M. J. Periago, “Chemical 
profile, functional and antioxidant properties of 
tomato peel fiber,” Food Research International, 
vol. 44, no. 5, pp. 1528–1535, 2011.

[19] E. H. Papaioannou and A. J. Karabelas,  
“Lycopene recovery from tomato peel under mild 

conditions assisted by enzymatic pre-treatment 
and non-ionic surfactants,” Acta Biochimica 
Polonica, vol. 59, no. 1, pp. 71–74, 2012.

[20] A. Zuorro and R. Lavecchia, “Mild enzymatic 
method for the extraction of lycopene from  
tomato paste,” Biotechnology & Biotechnological  
Equipment, vol. 24, no. 2, pp. 1854–1857, 2010.

[21] E. J. Panakkal, N. Kitiborwornkul, M. Sriariyannun,  
J. Ratanapoompinyo, P. Yasurin, and S. Asavasanti,  
“Production of food flavouring agents by  
enzymatic reaction and microbial fermentation,” 
Applied Science and Engineering Progress, vol. 
14, no. 3, pp. 297–312, 2021, doi: 10.14416/j.asep. 
2021.04.006.

[22] H. C. Tran, H. A. T. Le, T. T. Le, and V. M. Phan,  
“Effects of enzyme types and extraction  
conditions on protein recovery and antioxidant 
properties of hydrolysed proteins derived from 
defatted Lemna minor,” Applied Science and  
Engineering Progress, vol. 14, no. 3, pp. 360–
369, 2021, doi: 10.14416/j.asep.2021.05.003.

[23] S. Akkarachaneeyakorn, A. Artwichai, S. Maingam,  
and K. Kinmonta, “Increasing the efficiency of 
Gac (Momordica cochinchinensis Spreng) aril oil 
extraction by commercial pectinase pretreatment 
and microwave dehydration,” Applied Science 
and Engineering Progress, vol. 16, no. 1, 2022, 
Art. no. 5695, doi: 10.14416/j.asep.2022.02.007.

[24] T. M. T. Nguyen and M. T. Nguyen, “Effect 
of enzymatic treatments on lycopene in vitro 
bioaccessibility in high pressure homogenized 
tomato puree and chromoplast fraction,” Can Tho 
University Journal of Science, vol. 1, pp. 61–68, 
2015.

[25] P. Nath, C. Kaur, S. G. Rudra, and E. Varghese, 
“Enzyme-assisted extraction of carotenoid-rich 
extract from red capsicum (Capsicum annum),” 
Agricultural research, vol. 5, pp. 193–204, 2016.

[26] T. T. Y. Nhi, “Enzyme assisted extraction of 
GAC oil (Momordica Cochinchinensis Spreng) 
from dried aril,” Journal of Food and Nutrition 
Sciences, vol. 4, no. 1, pp. 1–6, 2016.

[27] A. Wikiera, M. Mika, A. Starzyńska-Janiszewska, 
and B. Stodolak, “Development of complete 
hydrolysis of pectins from apple pomace,” Food 
Chemistry, vol. 172, pp. 675–680, 2015.

[28] P. J. Munde, A. B. Muley, M. R. Ladole, A. V. Pawar,  
M. S. Talib, and V. R. Parate, “Optimization 



15

T.M.T. Nguyen and H.V.H Nguyen, “Enzymatic Assisted Treatments of Lycopene Extraction from Tomato (Lycopersicon Esculentum) Peels 
using Rice Bran Oil.”

Applied Science and Engineering Progress, Vol. 17, No. 1, 2024, 6916

of pectinase-assisted and tri-solvent-mediated 
extraction and recovery of lycopene from waste 
tomato peels,” 3 Biotech, vol. 7, no. 3, pp. 1–10, 
2017.

[29] K. W. Gross, “Fractionation and partial  
characterization of cell walls from normal and 
non-ripening mutant tomato fruit,” Physiologia 
Plantarum, vol. 62, no. 1, pp. 25–32, 1984.

[30] M. Roiaini, H. M. Seyed, S. Jinap, and  
H. Norhayati, “Effect of extraction methods on 
yield, oxidative value, phytosterols and antioxidant  
content of cocoa butter,” International Food 
Research Journal, vol. 23, no.1, pp. 47–54, 2016.

[31] M. Kehili, S. Choura, A. Zammel, N. Allouche, 
and S. Sayadi, “Oxidative stability of refined 
olive and sunflower oils supplemented with 
lycopene-rich oleoresin from tomato peels  
industrial by-product, during accelerated shelf-
life storage,” Food Chemistry, vol. 246, pp. 295– 
304, 2018.

[32] S. Rahimi and M. Mikani, “Lycopene green 
ultrasound-assisted extraction using edible oil 
accompany with response surface methodology 
(RSM) optimization performance: Application 
in tomato processing wastes,” Microchemical 
Journal, vol. 146, pp. 1033–1042, 2019.

[33] H. S. Ribeiro, K. Ax, and H. Schubert, “Stability  
of Lycopene Emulsions in Food Systems,”  
Journal of Food Science, vol. 68, no. 9, pp. 2730– 
2734, 2003.

[34] A. M. Goula, M. Ververi, A. A. Adamopoulou, 
and K. Kaderides, “Green ultrasound-assisted 
extraction of carotenoids from pomegranate 
wastes using vegetable oils,” Ultrasonics Sono-
chemistry, vol. 34, pp. 821–830, 2017.

[35] S. Krichnavaruk, A. Shotipruk, M. Goto, and 
P. Pavasant, “Supercritical carbon dioxide  
extraction of astaxanthin from Haematococcus 
pluvialis with vegetable oils as co-solvent,” 
Bioresource Technology, vol. 99, no. 13,  
pp. 5556–5560, 2008.

[36] D. He and L. Lingyi, Analytical Aspects of Rice 
Bran Oil. Amsterdam, Netherlands: Elsevier,  
pp. 169–181, 2019.

[37] Y. Yunardi, H. Meilina, U. Fathanah, R. Mahadina,  
A. Rinaldi, and J. Jauharlina, “Potential of  
edible oil production from rice bran in Indonesia:  
A review,” IOP Conference Series, vol. 845,  

no. 1, 2020, Art. no. 012030.
[38] M. Patel and S. N. Naik, “Gamma-oryzanol from 

rice bran oil – A review,” Journal of Scientific & 
Industrial Research, vol. 63, no. 7, pp. 569–578, 
2004.

[39] R. Lavecchia and A. Zuorro, “Thermal stability 
of tomato lycopene in vegetable oils,” Chemical 
Technology: An Indian Journal, vol. 1, no. 2–4, 
pp. 80–87, 2006.

[40] S. Goebel, S. Avallone, P. Detchewa, P. Maneerat,  
and W. Sriwichai, “Natural and synthetic  
antioxidants prevent the degradation of vitamin 
D3 fortification in canola oil during baking and in 
vitro digestion,” Applied Science and Engineering  
Progress, vol. 14, no. 2, pp. 247–258, 2021, doi:  
10.14416/j.asep.2021.01.005.

[41] N. Chairerk, P. Pongyeela, J. Chungsiriporn, 
and N. Rakmak, “Ethanol extraction of active  
ingredients and antioxidants from germinated 
sangyod rice,” Applied Science and Engineering 
Progress, vol. 14, no. 1, pp. 52–59, 2019, doi:  
10.14416/j.asep.2019.03.003.

[42] United States Department of Agriculture, “Shipping  
Point and Market Inspection Instructions,” 
USDA, Washington, USA, 2005.

[43] W. G. Schultz, “Commercial feasibility of  
recovering tomato processing residuals for food 
use,” EPA, OH, USA, Rep. 600 2 78 202, 1978.

[44] W. Brand-Williams, M.-E. Cuvelier, and  
C. Berset, “Use of a free radical method to 
evaluate antioxidant activity,” Lebensmittel-
Wissenschaft & Technologie, vol. 28, no. 1,  
pp. 25–30, 1995.

[45] S. Nielsen, Food Analysis. Berlin, Germany: 
Springer Verlag, 2017.

[46] S. Rahimpour and S. T. Dinani, “Lycopene 
extraction from tomato processing waste  
using ultrasound and cell-wall degrading  
enzymes,” Journal of Food Measurement and  
Characterization, vol. 12, no. 4, pp. 2394–2403, 
2018.

[47] S. K. Choudhari and L. Ananthanarayan,  
“Enzyme aided extraction of lycopene from  
tomato tissues,” Food Chemistry, vol. 102, no. 1,  
pp. 77–81, 2007.

[48] V. H. Nam, “Improvement of lycopene extraction 
from tomatoes by enzyme–assisted treatment,” 
Vietnam Journal of Science and Technology,  



T.M.T. Nguyen and H.V.H Nguyen, “Enzymatic Assisted Treatments of Lycopene Extraction from Tomato (Lycopersicon Esculentum) Peels 
using Rice Bran Oil.”

16 Applied Science and Engineering Progress, Vol. 17, No. 1, 2024, 6916

vol. 54, no. 4A, p. 275, 2018.
[49] S. Brandt, Z. Pék, É. Barna, A. Lugasi, and  

L. Helyes, “Lycopene content and color of  
ripening tomatoes as affected by environmental 
conditions,” Journal of the Science of Food and 
Agriculture, vol. 86, no. 4, pp. 568–572, 2006.

[50] J. Javanmardi and C. Kubota, “Variation of  
lycopene, antioxidant activity, total soluble solids 
and weight loss of tomato during postharvest 
storage,” Postharvest Biology and Technology, 
vol. 41, no. 2, pp. 151–155, 2006.

[51] F. Arab, I. Alemzadeh, and V. Maghsoudi,  
“Determination of antioxidant component and 
activity of rice bran extract,” Scientia Iranica, 
vol. 18, no. 6, pp. 1402–1406, 2011.

[52] N. Pellegrini, M. Serafini, B. Colombi, D. D. Rio, 
S. Salvatore, M. Bianchi, and F. Brighenti, “Total 
antioxidant capacity of plant foods, beverages  
and oils consumed in Italy assessed by three  
different in vitro assays,” The Journal of  
Nutrition, vol. 133, no. 9, pp. 2812–2819, 2003.

[53] R. Amarowicz, “Lycopene as a natural antioxidant,”  
European Journal of Lipid Science and  
Technology, vol. 113, no. 6, pp. 675–677, 2011.

[54] C. Xie, Z. F. Ma, F. Li, H. Zhang, L. Kong,  
Z. Yang, and W. Xie, “Storage quality of walnut  
oil containing lycopene during accelerated 
oxidation,” Journal of Food Science and  
Technology, vol. 55, no. 4, pp. 1387–1395, 2018.

[55] R. G. D. B. Mariano, S. Couri, and S. P. Freitas, 
“Enzymatic technology to improve oil extraction  
from Caryocar brasiliense camb. (Pequi) Pulp,” 
Revista Brasileira de Fruticultura, vol. 31,  
pp. 637–643, 2009.

[56] V. Nour, A. R. Corbu, P. Rotaru, I. Karageorgou, 
and S. Lalas, “Effect of carotenoids, extracted 
from dry tomato waste, on the stability and  
characteristics of various vegetable oils,” Grasas 
y Aceites, vol. 69, no. 1, p. 238, 2018.

[57] J. Terao, R. Yamauchi, H. Murakami, and  
S. Matsushita, “Inhibitory effects of tocopherols  

and β‐carotene on singlet oxygen‐initiated  
photooxidation of methyl linoleate and soybean 
oil,” Journal of Food Processing and Preservation,  
vol. 4, no. 1–2, pp. 79–93, 1980.

[58] T. Suzuki, R. Usuki, and T. Kaneda, “The role 
of carotenoids in the oxidative deterioration of 
edible oils,” Journal of Japan Oil Chemists'  
Society, vol. 38, no. 6, pp. 486–491, 1989.

[59] T. S. Bisht, S. K. Sharma, R. C. Sati, V. K. Rao, 
V. K. Yadav, A. K. Dixit, and C. S. Chopra,  
“Improvement of efficiency of oil extraction from 
wild apricot kernels by using enzymes,” Journal 
of Food Science and Technology, vol. 52, no. 3, 
pp. 1543–1551, 2015.

[60] S. Mingyai, A. Kettawan, K. Srikaeo, and R. 
Singanusong, “Physicochemical and antioxidant 
properties of rice bran oils produced from colored 
rice using different extraction methods,” Journal 
of Oleo Science, vol. 66, no. 6, pp. 565–572, 
2017.

[61] J. Shi, Y. Kakuda, and D. W. K. Yeung,  
“Antioxidative properties of lycopene and other 
carotenoids from tomatoes: Synergistic effects,” 
Biofactors, vol. 21, no. 1–4, pp. 203–210, 2004.

[62] T. Nguyen, “Optimization of the ratios of material  
to solvent and ultrasound treatments for total  
carotenoids extraction from Canistel Fruit 
(Pouteria campechiana (Kunth) Baehnl) using  
Sunflower Oil,” M.S. thesis, International  
University, Ho Chi Minh City, Vietnam, 2018.

[63] R. Khanum and H. Thevanayagam, “Lipid  
peroxidation: Its effects on the formulation and 
use of pharmaceutical emulsions,” Asian Journal  
of Pharmaceutical Sciences, vol. 12, no. 5,  
pp. 401–411, 2017.

[64] X. Zhuang, T. Yin, W. Han, and X. Zhang,  
Nutritional Ingredients and Active Compositions 
of Defatted Rice Bran. Amsterdam, Netherlands: 
Elsevier, 2019, pp. 247–270.

[65] D. B. Rodriguez-Amaya, A Guide to Carotenoid 
Analysis in Foods, Washington: ILSI press, 2001.  


