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Abstract 

Lycopene is one of the main carotenoids we eat on a daily basis. Fruit variety, environmental 

conditions, and fruit maturity stage are the variables affecting the lycopene content. Different 

processing and extraction techniques can also change the amount of lycopene in different food 

products, which can change the biological role of lycopene. The biological purpose of lycopene is to 

ward off predators by drawing them in with its red and protecting tomato tissues by conjugate bonding. 

Furthermore, storage conditions have an impact on the lycopene content of fruits, vegetables, and 

their products. Innovative and practical technological solutions are needed to stabilize the lycopene 

content during post-harvest procedures like refrigeration, heating, extraction, and transportation. It 

also emphasises how storage conditions affect lycopene content and the significance of for more 

investigation on the matter. Thus, investigation into a number of significant variables related to the 

variation in lycopene content is required.  
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1. Introduction 

Lycopene, a naturally occurring pigment, belongs to the carotenoid family. Many fruits and 

vegetables, such as watermelon, pink grapefruit, tomatoes, papayas, rosehips, and gac fruit, contain 

the red, fat-soluble pigment lycopene. On the other hand, fresh tomatoes have the highest level of 

lycopene (0.77–20 mg/100 g fresh weight), while apricots have the lowest level (0.01–0.05) [1-3]. 

The amount of lycopene in fresh fruit varies by variety, maturity level, and climate. Tomatoes, which 

are known for their deep red colour, contain a significant amount of lycopene (80–90%) and very little 

other carotenoids, such as lutein, α-carotene, β-carotene, and β-cryptoxanthin. More research has been 

done on tomatoes and tomato-derived products than any other commodity due to their high lycopene 

content [4-6]. A variety of foods' lycopene contents are displayed in Figure 1. It has been demonstrated 

that getting enough lycopene protects against cancer, macular degeneration, heart disease, and 
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cognitive decline [9]. Furthermore, studies using epidemiological data demonstrated that lycopene 

prevents skin, lung, breast, prostate, and cervix cancers in addition to lowering blood cholesterol and 

serum lipid oxidation [10, 11]. Moreover, lycopene is more effective than vitamin E as an antioxidant 

at scavenging reactive oxygen species (ROS), which prevents cell damage linked to a higher risk of 

chronic illnesses [7, 8]. Different processing methods cause lycopene to isomerize and become 

oxidized or degraded, which affects the nutritional value and quality of food [12]. Lycopene 

degradation also affects the final products' colour and sensory attributes [13]. Thus, it is imperative to 

investigate the effects of different food processing methods on the concentration and stability of 

lycopene content. 

 

2. Effect of Postharvest Operations on Lycopene Content 

The main postharvest tasks include cleaning, sorting, packing, storing, and shipping [14]. The quantity 

of lycopene in a variety of fruits and vegetables, such as grapefruit, citrus fruits, cucurbits, tomatoes, 

and their byproducts, may change as a result of these processes [15–18]. Consequently, innovative, 

cost-effective, and efficient postharvest methods are needed to preserve lycopene in food products. 

 

2.1The impact of packaging and transportation circumstances 

Fresh vegetables may undergo chemical changes more quickly when transported over longer 

distances. The temperature at which fresh goods are stored has an impact on their quality as well [15]. 

Tomato fruit (Miral variety) was examined for its lycopene content in relation to the following 

transportation parameters: temperature (10 and 20 degrees Celsius), distance travelled (100, 154, and 

205 km), and time needed (75, 120, and 180 minutes). The results showed that the tomato group that 

travelled a significant distance (205 km) and was kept at 22° C on day 12 had the highest level of 

lycopene, 1.21 mg/100 g FW. [15]. In a similar vein, Huangewyi [19] found that the growth of 

lycopene in tomatoes is significantly influenced by the ambient storage temperature of 22–25°C. Long 

transportation distances have been shown to accelerate the ripening process, which raises the amount 

of lycopene and carotene in produce and causes it to become redder. For instance, there is evidence 

that the freshness, moisture content, colour, and carotenoids of fruit alter as transportation distance 

increases [20]. Fresh produce can be kept fresher for longer thanks to the storage technologies known 

as controlled atmosphere packaging (CA) and modified atmosphere packaging (MAP). In order to 

regulate the amounts of O2 and CO2, MAP involves modifying the gaseous environment through 

respiration (passive MAP) or by adding and removing gases from food packages (active MAP). By 

decreasing ethylene production, postponing textural softening, decreasing ripening, postponing 

respiration, and slowing down compositional changes linked to ripening, these packaging strategies 

increase the product's shelf life [21]. Lycopene accumulation was found to be inhibited in tomatoes 

grown in the CA atmosphere (20% CO2 and 30% O2), while tomatoes grown in ambient conditions 

demonstrated an increase in lycopene content [22]. After injecting 5% O2 + 5% CO2 + 90% N2, 

cherry tomatoes (cv. "Josefna") were sealed in a plastic bag and kept at 5°C for 25 days. The 

concentration of lycopene in MAP samples was found to be 39 g/L, which was lower than the 

concentration in the control group (53 g/L) [21]. Similarly, MAP of watermelon varieties in 10 kPa 

O2 for seven or ten days at 2°C showed a slight decrease in lycopene concentration [23].  

 

2.2. Lycopene and the Effect of Storage Environment 

Lycopene efficiently builds up during storage and gets stronger as it ripens [24]. The harvesting stage 

has a major influence on the lycopene content. Fruits with higher levels of lycopene are harvested at 

the breaker stage rather than the green stage [25]. Oxygen and light have comparable effects on 

processed food's lycopene content. Temperature is a significant factor in lycopene loss during storage. 

Tomato juice in cans stored for a year at 25°C and 37°C showed no lycopene loss [26]. Lavelli and 

Giovanelli [27] maintained commercial tomato paste, puree, and pulp at 30, 40, and 50°C for up to 

90 days without observing any appreciable changes in the lycopene concentration. Preservatives that 

were added during manufacturing could be the cause of this. Watermelon stored between -20°C and 
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-80°C for a year had lycopene levels about 40% lower, per a study on frozen food storage [28]. 

Moreover, frozen tomato puree and diced had lower levels of lycopene degradation than the tomato 

ingredients in frozen pizza [29]. Nonetheless, the lycopene content of diced tomatoes remained 

constant after a year of storage at −20°C and −30°C [30]. Oxygen is kept out of tomato products 

during freezing storage, which slows down lycopene deterioration [31]. Lycopene accumulation was 

found to be slower in conventionally grown tomato cultivars (e.g., "Matouleibi," "Mahi," 

"Sanalembi," "Lingjel," "Liana," etc.) when stored at a low temperature (4°C); lycopene accumulation 

in hydroponically grown tomatoes increased by as much as 70%. The reason for this increase is not 

known [9]. In one study, for ten days, greenhouse tomatoes of the salad variety "Trader" were 

maintained at three different temperatures: 7, 15, and 25°C. Lycopene concentrations in tomatoes 

were two times higher (7.5 mg/100 g) at 15 and 25°C than they were at 7°C (3.2 mg/100 g) [3]. The 

lycopene content of minimally processed watermelon (fresh cut) decreased slightly when it was stored 

at 5°C for up to nine days, according to Gil et al. [32]. Lycopene inhibitors prevented lycopene from 

being synthesized, but ethylene treatment following harvest also promotes lycopene accumulation and 

fruit ripening [32]. 

 Oxidation and isomerization are the primary mechanisms causing lycopene loss in dried tomato 

storage. Oxidation rises in response to higher storage temperatures, whereas isomerization increases 

with longer storage periods under lightening conditions [7]. According to Sharma and Le Maguer 

[33], after four months of storage at 25 to 75°C, the lycopene content of freeze-dried and oven-dried 

tomato pulp decreased by up to 79% and 97%, respectively. The pulp that had been freeze-dried had 

a fluffier texture and more volume than samples that had been oven-dried with thin crust sheets. This 

event demonstrated that exposure to air and light resulted in a greater loss of lycopene content in 

freeze-dried fibres. Tomato powder that had been foam-mat dried in the presence of oxygen was the 

subject of a storage study by Lovric et al. [34] so that their results could be compared with samples 

kept in air and N2. They found that oxygen is essential for lycopene to be retained in storage. 

Additionally, over the course of three months at 25°C, 30°C, and 40°C, Lavelli and Giovanelli [27] 

investigated tomato paste (in aluminium tubes), pulp (in cans), and puree (in glass bottles) They 

discovered that each sample's lycopene content stayed constant. The packaging materials might have 

had a major impact on the stability of the lycopene levels. Li et al. [35] studied tomato hot pot sauce 

for 120 days at three different storage temperatures (0, 25, and 37°C) using two different types of 

packaging materials. They came to the conclusion that while the lycopene content of both packaging 

types dropped at 25°C and 37°C, there was no discernible variation in either packaging material's 

lycopene content at 0°C for as long as 120 days. Similarly, after up to eight months of storage at 30°C, 

there was no discernible change in the lycopene content of tomato ketchup [36]. Pagane et al. [37] 

found that fresh-cut tomatoes' lycopene content decreased by 45%, or 100–110 mg/kg, after they were 

packaged and stored at 4°C for 12 days. Conversely, Odriozola-Serrano et al. [38] discovered that 

sliced (fresh-cut) tomatoes had a marginally higher lycopene concentration at 4°C for up to 21 days 

of storage as opposed to a drop in lycopene content. The effects of temperature and duration of storage 

for various commodities are listed in Table 1. 

 

3. Effect of Different Processing Components on Concentration of Lycopene 

Many common foods that we eat every day contain lycopene. Tomatoes and tomato-based products 

provide about 85% of the lycopene consumed [47, 48]. Based on data from the Food and Agriculture 

Organization [49], China is the world leader in tomato production (6, 75, 38,340 tonnes), followed by 

India (2, 11, 81,000 tonnes) and the United States (1, 04, 75,265). California accounted for 40% of 

global tomato production, and about 95% of tomatoes processed in the USA came from this state 

alone [48]. Outside of the US, the top countries for processing tomatoes are Italy, China, Spain, and 

Turkey [50]. Tomato paste, puree, ketchup, juice, salsa, and sauce are made from about 80% of the 

tomatoes that are grown. Lycopene's content is changed by processing in a home or place of business. 

Thermal processing (cooking, pasteurization, blanching, drying, and frying) breaks down the cell wall 

and releases bound molecules for better solubilization, which can increase the amount of lycopene 
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available even though it can decrease the amount present [51–54]. Processed foods change from cis 

to trans form because the Trans isomer is more stable than the cis isomer [5, 55]. The impact of extra 

processing techniques and temperature  

 

(3.1) Temperature effects and additional processing techniques  

Usually, pulp, puree, paste, and ketchup are made from concentrated tomato juice using steam coils 

and vacuum evaporation. While whole or sliced tomatoes are preserved for canning, tomatoes are 

dried to make tomato powder and dried slices. The thermal processes used in such products may have 

an impact on their lycopene content. Tomato products' lycopene content is believed to be less accurate 

due to processing. Isomerization and oxidation are the main processing steps that cause lycopene to 

degrade [56]. In the processing of tomatoes, oxidation is a composite process that is impacted by 

several factors, such as 

  

 
Figure 1. Lycopene content of various tomato products 

 

Table 1: Lycopene content in relation to storage time and temperature (< 0º, 0 -10˚ and > 11˚) 

Storage 
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Product or Service Effect on 

lycopene 
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Diced tomatoes: 12 x 12 x 

12 mm cubes were cut, 500 

g plastic boxes were filled, 

and the boxes were frozen 

at -40°C. 

 

 

 

Watermelon: After being 

cut into 3 cm3 chunks, 10 g 

of the "Sangria" cultivar 

was placed into a plastic 

bag and kept at -20°C. 

 

 

 

 

Mato puree: the puree was 

sealed, heated in oil, and 

kept cold—-18°C. 
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Five kiwifruit slices, each 7 

mm thick, were stored at 
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Mango: the fruit was cut 
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after peeling and kept in 

storage at 5°C. 
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then centrifuged and dried 

in an oven. After that, the 

fibre portion was kept in a 

light- and air-filled 
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decreased by 27 

percent 

    [43] 

 

Temperature, moisture content, and processing conditions. Miki and Akas [57] observed a 1.1% and 

1.7% decrease in lycopene content when they heated tomato juice to 90°C and 100°C, respectively. 

As the temperature rose to 130°C, lycopene's potency decreased by 17%. Dewanto et al. [58] found 

that lycopene levels increased by 1.6 times when raw tomatoes were heated to 88°C for two minutes. 

Jabbari et al. [13] used a 4% nanofluid heating medium to heat tomato juice for 30 seconds at 30°C, 

and they observed a 60% retention of lycopene. Tomato pulp heated for two hours at 100°C showed 

some lycopene content degradation 18%. The examination in the processing of tomatoes, oxidation 

is a composite process that is dependent on several factors, such as temperature, moisture content, and 

processing conditions. Miki and Akas [57] observed a 1.1% and 1.7% decrease in lycopene content 

when they heated tomato juice to 90°C and 100°C, respectively. As the temperature rose to 130°C, 

lycopene's potency decreased by 17%. Dewanto et al. [58] found those raw tomatoes' lycopene levels 

increased by 1.6 times when heated to 88°C for two minutes. Jabbari et al. [13] heated tomato juice 

for 30 seconds at 30°C using a 4% nanofluid heating medium and discovered that 60% of the lycopene 

was kept. After two hours of heating at 100°C, some of the lycopene content in tomato pulp was lost. 

Similarly, when the tomato was made into a paste, up to 32% of the lycopene was lost [61]. It has 

been demonstrated that thermal processing methods such as frying, blanching, steaming, and 

microwaving raise the levels of lycopene in tomato fruits [62, 63]. The concentration of lycopene in 

ripe tomatoes increased up to 12% during stewing and about 8 times during paste production, 

according to Khachik et al. [64]. The homogenization of tomato juice decreased its lycopene content 

[65]. In one experiment, it was discovered that lycopene decreased when tomatoes were fried but 

decreased when they were baked or boiled [66]. After heating tomatoes in an oil bath at 100°C for 

two hours, Graziani et al. [67] observed an increase in the concentration of lycopene. Furthermore, 

Re et al. [68] examined how processing tomato pulp to make paste at different temperatures increased 

the concentration of lycopene; however, when tomato puree was pasteurized at 60–85°C [69], no 

effect on lycopene was reported. In addition to tomatoes and their products, other food commodities 

have also displayed variations in their lycopene content during processing. For instance, lycopene-

containing oil-in-water emulsions were incubated at 5 to 90°C without the presence of oxygen. The 

initial concentration of 9-cis lycopene in the emulsions increased to 150% after seven hours at 90 

degrees Celsius, but only half of the 13-cis lycopene was lost [70]. Similarly, heating guava juice led 

to a five-fold increase in lycopene content due to trans-cis isomerization [71]. After blanching Kintoki 

carrots for 15 minutes at 90°C, their lycopene content rose by 15% [53]. One possible reason could 

be variations in the commodities and processing conditions. Tomato concentrate was processed using 

four different techniques: high temperature with shear (HTS), steam injection, waring blender with 

steam, and conventional hot break. HTS yielded the maximum lycopene increment (32.28 mg/100 g) 

among these techniques [72]. Additionally, watermelon juice that had been freeze-dried or sprayed 

with maltodextrin (3%–10%) was infused by Oberoi and Sogi [73]. In comparison to the freeze-dried 

powder (62.3 mg/100 g) and the spray-dried powder (54.6 mg/100 g), they discovered that the fresh 

juice (6.53 mg/100 g) had a lower lycopene concentration. Tey came to the conclusion that while 

boosting yield, maltodextrin kept the samples' sensory characteristics. After 9 minutes of ultrasonic 
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processing, the lycopene content of guava juice dropped from 29.4 μg/g to 15.18 μg/g [74]. Similar 

conclusions were reached by Rawson et al. [75], who discovered that ultrasonic processing reduced 

the amount of lycopene in watermelon juice. However, after ultrasound treatment, the amount of 

lycopene in guava juice and tomato puree did not change [76, 77]. The lycopene content changed due 

to oxidation and heat; however, lycopene is found to be more sensitive to direct heat than ultrasound. 

A study by González-Casado et al. [78] found that the pulse electric field technique increased 

tomatoes' 150% lycopene accumulation during five days of storage at 12°C. When papaya juice was 

ultrafiltered using a PS 100 membrane, 1 bar of pressure, and a tangential velocity of 6 m/s, 90% 

lycopene retention was reported [79]. Jayathunge et al. [80] examined the combined effects of an 

ultrasonic, high-intensity pulse electric field and blanching process to increase the lycopene bio 

accessibility of tomato fruit. A greater lycopene bio accessibility of 9.6% was attained by them. Novel 

techniques have been found to either increase or retain the lycopene content in foods due to their 

tailored operation and effectiveness. Comparably, the effects of reverse osmosis, infiltration, and 

microfiltration combined on the quantity of lycopene in watermelon juice were investigated in 

Oliveira et al.'s study [81]. Tey experienced a 17-fold increase in lycopene concentration. 

Furthermore, compared to fruit that was not treated, the lycopene content of fresh cut papaya fruit 

treated highly hydrostatically (50–400 MP and 3–60 min) and stored at 4° C increased by an 11-fold 

[82]. The effects of various processing methods on the amount of lycopene are combined in Table 2. 

 

3.2 Lycopene Content and the Effect of Extraction Methods.  

The extraction process is one of the most important factors in obtaining more lycopene. Temperature, 

cell disintegration, and applied pressure levels are linked to enhanced lycopene recovery [12]. 

Consequently, the pretreatment phase is crucial when employing chemicals or heat to dissolve 

physical barriers such as membranes and cell walls [95]. It was discovered that cooking was the most 

efficient method for achieving a higher lycopene content when compared to milling and dehydration 

[42, 85]. Many extraction techniques, such as pressurized liquid extraction, supercritical fluid 

extraction, microwave-assisted extraction, maceration, ultrasound-assisted extraction, and enzyme-

assisted extraction, can be used to extract lycopene [95, 96]. The micro emulsion method with 

surfactants has been reported to be an additional useful lycopene extraction technique [97]. These 

conventional and state-of-the-art extraction methods are used to separate lycopene from different food 

products. The configuration, circumstances, and functioning of these methods may have an impact on 

the lycopene extraction yield. It has been observed that novel techniques can enhance the recovery of 

lycopene from the food matrix without causing any chemical residues or adverse effects on the 

environment [98]. Pol et al. [99] optimized the supercritical fluid extraction (SC-CO2) method at 400 

bar pressure, 90°C temperature, and 1.5 ml/min CO2 flow rate. This made it possible to recover all of 

the lycopene content in watermelon, rosehip paste, grapefruit, tomato, guava, and tomato paste in just 

35 minutes. Furthermore, SC-CO2 was used to extract dried tomato peel byproducts at 90 °C, 40 MP 

pressure, and 1.05 mm particle size; this led to a 56% recovery of lycopene [100]. As stated by Parrett 

et al. In order to achieve maximum lycopene recovery, [101] used the SC-CO2 extraction technique 

on tomato pomade powder at 30 MP pressure and 15 kg/h CO2 fowl rate. Moreover, a 60.85% 

lycopene content was obtained by SC-CO2 treating tomato peel by-products at 80°C, 400 bar pressure, 

and 4 g/min CO2 fowl rate [102]. The integrated approaches improved the recovery of lycopene, 

according to observations. The enzyme-assisted extraction (EAE) method yielded a ten-fold higher 

content of lycopene from tomato waste treated with pectinase and cellulose (122.5 and 70 U/g, 

respectively) [103]. Furthermore, lycopene recovery was increased by adding pectinase (2%) and 

cellulose (3%) (w/w) enzymes to waste tomato, tomato peel, and fruit pulp [104]. Furthermore, when 

tomato-processing waste was extracted using cellulitis (Cellulite 50LC) and pectin lytic (PeLCV PR) 

enzymes at 30°C with a 1.6% (w/w) enzyme load for 3.18 h, an 8–18-fold increase in lycopene yield 

was reported [105]. The highest yield of lycopene was obtained from tomato processing waste treated 

with a tri-mixture of ethanol,  
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Table 2: The concentration of lycopene and the impact of processing techniques 

Methods of 

processing 

Item Conditions impact on lycopene Reference 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Drying 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tomato-based 

paste 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A ripe tomato 

 

 

 

 

 

 

 

 

 

 

Juice from 

watermelon 

 

 

 

 

 

 

 

 

Prayed at inlet 

temperatures 

between 110 and 

140°C, with 

drying air flow 

rates between 

17.50 and 22.75 

m3/h (±0.18 

m3/h) and 

atomizing agent 

flow rates 

between 500 and 

8000 I/h. 

The feed rate is 

1.75 ± 0.05 

g/min, the 

pressure is 5 ± 

0.1 bar, and the 

feed temperature 

is 32.0 ± 0.5°C 

 

 

 

 

 

 

Heated for two 

hours to 80°C, 

then kept for six 

hours at 60°C. 

 

 

 

 

 

 

Pray-drying 

using an air 

pressure of 0.25 

kg/cm2, an 

aspiration rate of 

6.5 m3/min, a 

feed rate of 3 

g/min, a pump 

speed of 4 

ml/min, an outlet 

temperature of 

70°C, and an 

 

 

 

 

 

 

 

 

 

Lowering by 8.07–

20.93% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Increased to 8.90 ± 0.3 

mg/100 g 

 

 

 

 

 

 

 

 

 

 

Peaked at 100 g at 

56.4 mg. 

 

 

 

 

 

 

 

 

             

 

 

 

 

 

 

 

 

 

         

          [89] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    [62, 63] 

 

 

 

 

 

 

 

 

 

 

        [73] 
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A ripe tomato 

 

 

 

 

 

 

Aril Gac 

Lubricant 

 

 

 

 

Carrots (Nutri-

red) 

input 

temperature of 

25°C 

 

 

 

 

Homogenized 

with 80% 

acetone and 

stirred for 4 

hours at 5-7°C in 

a rotary mixer. 

 

 

 

 

Drying with hot 

air at 50°C and 

1.5 m/s 

 

 

 

Hot air drying 

below 70°C 

 

 

 

 

 

 

 

 

 

 

 

 

A 9.0 mg/g increase 

 

 

 

 

 

 

An increase in grams 

by 0.82 

 

 

 

 

No effect 

 

 

 

 

 

 

 

 

 

 

 

 

 

       [3] 

 

 

 

 

 

 

 

      [91] 

 

 

 

 

 

        [90] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Heating 

 

 

 

Paste made of 

tomatoes 

 

 

 

 

 

 

 

 

 

 

A ripe tomato 

 

 

 

 

 

 

 

 

 

To allow for 

evaporation, 

take a 5-to 10-

minute hot break 

at 90°C, boil at 

70–80°C, and 

then store under 

vacuum for 4 

hours at 60–

70°C 

 

 

Heating for two 

minutes at 75–

95°C. 

 

 

 

 

 

 

 

A rise of 47.3 μg/g 

 

 

 

 

 

 

 

 

 

 

 

 A 19.46 ± 0.86 mg 

reduction 

 

 

 

 

 

 

Five times more 

 

 

       [39] 

 

 

 

 

 

 

 

 

 

 

 

 

       [60] 
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Guava 

concentrates 

 

 

 

 

Pomelos 

 

 

 

 

 

Paste made of 

tomatoes 

 

 

 

 

A ripe tomato 

 

 

 

 

 

 

 

 

 

 

 

Heat for two 

hours at 60°C. 

 

 

 

 

Heating at 100–

120°C for a 

duration of 0–5 

hours 

 

 

90°C is ideal for 

focus and 90°C 

for a heated rest. 

 

 

 

Numerous heat-

treatment 

techniques, 

including as 

homogenization, 

scalding, steam 

sterilization, and 

canning 

 

 

 

 

 

Half as many 

 

 

 

 

 

A rise of 4.50 g/100 g 

 

 

 

 

 

No effect 

       [71] 

 

 

 

 

      [56] 

 

 

 

 

 

    

     [83] 

 

 

 

 

 

       [26] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Melon 

 

 

 

 

 

 

Poor quality 

tomato sauce 

 

 

 

 

 

Orange Fresh 

sweet potatoes 

 

 

 

A ripe tomato 

 

Cooking in 

boiling water for 

fifteen minutes 

 

 

 

 

Boil for thirty 

minutes in olive 

oil. 

 

 

 

 

Boiling 500 

milliliters of 

water for 15 

minutes. 

 

Boiled for 15 

minutes in 500 

Decreased by 41% 

 

 

 

 

 

 

A rise to 319.2 ± 13.4 

μg/g 

 

 

 

 

 

Decreased by 37-86% 

 

 

 

 

 

Decrease of 35.5 ± 21 

 

     [88] 

 

 

 

 

 

     

     [84] 

 

 

 

 

 

      [87] 

 

 

 

 

 

        [66] 
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Cooking and 

boiling 

 

 

 

 

Melon 

 

 

 

 

Expertly made 

sauce for 

tomatoes 

 

 

Enchilada with a 

side of onion 

 

 

 

 

 

Carrots (nutri-

red) 

 

 

 

Tomato slurry 

 

 

 

 

Tomato pulp 

 

 

 

 

 

 

 

 

 

 

 

 

Juice from 

tomatoes 

cc of boiling 

water. 

 

 

Cooking in 

boiling water for 

fifteen minutes 

 

 

Boil for thirty 

minutes in olive 

oil. 

 

 

Preheating at 

100 ± 1°C (using 

a home cooking 

method) 

 

 

Heating without 

oil and cooking 

at 100°C 

 

 

Cooking in 

water bath for 1 

hour at 100°C 

 

 

Tumble pulp in 

oven at 25°C; let 

cool to room 

temperature. 

 

 

 

 

 

Several heat-

treatment 

procedures, 

including 

canning, 

scalding, 

steaming, and 

homogenization 

 

 

 

 

Decreased by 41% 

 

 

 

 

There was a 343.3 ± 

27.7 μg/g rise. 

 

 

 

went up by 122.6 

μg/g. 

 

 

 

 

 

A 126 ± 3 mg/kgw 

increase 

 

 

 

decreased to 78.97 

μg/g from 48.41 

 

 

 

117.3 mg/100 g of 

total salt fell 

 

 

 

 

 

 

 

 

 

 

 

 

No effect 

 

 

 

 

        [88] 

 

 

 

 

       [84] 

 

 

 

 

        [85] 

 

 

 

 

 

 

 

        [86] 

 

 

 

 

       [59] 

 

 

 

 

         [33] 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

      [26] 

 

 

 

 

Tomato pulp 

 

 

 

 

 

 

      [76] 
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Other methods: 

canning 

 

 

 

 

 

 

 

 

 

 

UV-B radiation 

 

 

 

 

 

 

 

 

Blanching 

 

 

 

 

 

 

 

 

 

Pulse light  

 

 

 

 

 

 

 

 

 

 

 

Homogenization 

 

 

 

 

 

Stewing and 

frying 

 

 

 

 

 

 

 

 

 

 

 A fully ripe 

tomato 

 

 

 

 

 

 

 

Carrots 

(Kintoki) 

 

 

 

 

 

 

 

 

A recently sliced 

tomato 

 

 

 

 

 

 

 

 

Juice of 

tomatoes 

 

 

 

 

 

 

Arana, or tomato 

paste 

Increasing in 

temperature by 

90 to 110 

degrees Celsius 

 

 

 

 

 

 

 

For one hour, 

radiate at 6.08 

kJ/m2 d. 

 

 

 

 

 

 

Blanching at 50–

90°C for 15 

minutes 

 

 

 

 

 

 

 

A maximum 

pulse light 

intensity of 8 

J·cm−2 is 

presented. 

 

 

 

 

 

62.5 kg/h 

homogenized 

feed rate at 60 

bar 

 

 

 

 

Coated in 

vinegar 

5.20 ± 0.25 mg/100 g 

an increase 

 

 

 

 

 

 

 

 

 

increased 40% to 

59.91 ± 1.47. 

 

 

 

 

 

 

 

No effect 

 

 

 

 

 

 

 

 

 

 

 

a 57.25 mg/kg rise 

 

 

 

 

 

 

 

Reduction of 6.70 ± 

0.22 mg/100 millilitre 

 

 

 

 

 

 

An increase of 49.8 

mg/100 g +/- 2.0 

 

 

 

 

 

 

 

 

 

 

       

     [94] 

 

 

 

 

 

 

 

      

      [42] 

 

 

 

 

 

 

 

 

 

      [93] 

 

 

 

 

 

 

 

 

 

 

[58, 65] 

 

 

 

 

 

 

    [66] 
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Ultrasound 

Processing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Microfiltration 

 

 

 

 

 

 

 

High hydrostatic 

pressure 

 

 

 

 

 

Treatment 

 

 

 

 

 

 

 

 

Guava 

Concentrates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Watermelon 

juice 

 

 

 

 

 

 

Raw papaya 

slices 

 

 

 

 

 

Uncooked 

papaya slices 

 

 

 

 

 

 

With a 1.26 cm2 

titanium point, 

1000 W of 

Power and 20 

kHz of 

frequency are 

employed. 

Intensity power 

of 15 W/cm2 and 

volumetric 

power of 121 

W/L 

 

 

 

 

 

Microfiltration is 

69.6 kg/h/m−2 at 

permeate flux. 

 

 

 

 

 

Treated for 3–60 

minutes at 50–

400 MPa. 

 

 

 

 

Treated at 50–

400 MPa for 3–

60 minutes. 

 

 

 

 

 

 

 

 

3.58 ± 15.18 μg/g 

Decreased 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A rise to 229.77 ± 6.86 

μg/g 

 

 

 

 

 

 

A 17.95 ± 0.6 mg/100 

g increase 

 

 

 

 

 

An rise of 17.95 ± 0.6 

mg/100 g 

 

 

 

 

 

 

 

 

     [74] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      [81] 

 

 

 

 

 

 

 

 

       [82] 

 

 

 

 

 

 

       [82] 

 

hexane, and acetone (1:1:2). This was reported by Ranvier et al. [6]. Pectinase (3%) was more 

effective than cellulose. Lycopene recovery was as high as 25–50% when tomato peel residue was 

treated with a pectin lytic enzyme pretreatment using a surfactant-assisted extraction method for 20 

minutes at 6-7 surfactant molecules per lycopene [106]. Applying ultrasound-assisted extraction 

(UAE) at an amplitude of 94 μm and an external pressure of 50 kPa to dry tomato pomade resulted in 

the highest yield of lycopene [107]. After treating tomato pomade with cellulitis and pectin lytic 

enzymes, glycerol, and surfactant (saponin) using ultrasound and an enzyme-assisted extraction 

method, a maximum yield of lycopene (409.68 μg/g) was obtained [97]. Enzymes facilitate the 

diffusion of solvents into the sample, which enhances the elution of the sample's metabolites and 
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increases the concentration of the end product. Furthermore, using ultrasound and enzyme-assisted 

extraction methods to treat tomato industrial waste resulted in the highest yield of lycopene (lycopene: 

surfactant (saponin) ratio of 1:20, particle size of 400–545 μm, and surfactant: surfactant ratio of 1:1) 

[108]. The solvent extraction method (SEM) was used for tomato processing waste, and different 

acetone to hexane ratios (1:3, 2:2, and 3:1 v/v) were used, all at temperatures between 30 and 50° C. 

At 30°C and a 1:3 ratio, the highest lycopene recovery (65.22–75.75%) was recorded [109]. In a 

different experiment, Phoney et al. [110] extracted lycopene from commercial tomato waste using 

three different methods: ethanol with hexane, acetone or ethanol, and acetone/hexane. According to 

research results, lycopene extracted in hexane showed more stability than lycopene extracted in 

acetone, dichloromethane, methanol, and ethanol [6, 108, 111]. Additionally, hexane can be 

evaporated from the extract using a vacuum drier or dried with CaCO3 [108]. 13.592/100 g of all 

trans-lycopene were extracted by Ho et al. [112] using the microwave-assisted extraction (MAE) 

method on a tomato peel (1 g) for 6 seconds at 400 W of power and a 1: 20 (w/v) solid-to-liquid ratio. 

On the other hand, 7.325/100 g of lycopene was obtained using the traditional method, which involved 

heating a 1:1 mixture of ethyl acetate and hexane for 15 seconds at 45° C. The results under discussion 

show that the yield of lycopene extraction can vary depending on the type of commodity, duration of 

extraction, solvent, enzyme, and techniques employed. 

 

4. Conclusion 

Variable amounts of lycopene can be found in fruits, vegetables, and other processed foods that 

contain red pigment. Lycopene has a big impact on our diet. The focus of the current review was on 

the ways in which lycopene levels in various food products are influenced by postharvest practices 

and processing methods. The postharvest procedures that affect food's lycopene content include 

packaging, transportation, and storage. It has been found that ripening increases the amount of 

lycopene in stored commodities if the temperature is not maintained at 8 ± 2°C. The packaging also 

helps to maintain lycopene levels when stored correctly. The ideal temperature and timing are crucial 

for preserving lycopene and extending product shelf life. Many heat treatments, including steaming, 

boiling, cooking, frying, chopping, dicing, blanching, canning, and pasteurization, are used in the 

processing industries; it has been shown that these techniques have different effects on the amount of 

lycopene. It has been demonstrated that while boiling, steaming, stewing, and canning increase the 

content of lycopene, high-temperature heating decreases it. The amount of lycopene also depends on 

the extraction techniques employed. Higher yields of lycopene are obtained by combining different 

extraction techniques, such as solvent extraction, enzyme-assisted extraction, supercritical fluid 

extraction, ultrasound-assisted extraction, and so on. This review offers insights into the lycopene 

content of processed products as well as a comparative analysis of the variations in lycopene content 

in fruits and vegetables. 

Declaration 

Conflicts of Interest: The authors state that there are no conflicts of interest. 

Funding: This study received no financial support. 

Ethical approval: The authors declares that ethical approval was not required for this study or not 

applicable.  

Availability of dataset: The authors declares that the manuscript lacks any information necessary to 

access the dataset and other supporting files. 

Author Contributions 

All the authors are equally contributed until the completion of final drafting of the manuscript. OSD, 

SGS, NB, and LM helped in searching the review of literature, designing the tables, collection of 

primary datas. MAD, JSH and KMD did the concepts designed, preparation of manuscript and final 

draft. 

  

https://jptcp.com/index.php/jptcp/issue/view/79


Extensive Research On How Extraction Method, Heat Treatment And The Storage Condition Affect The Lycopene 

Content Of Various Foods 

 

Vol.31 No.1 (2024): JPTCP (1467-1493)  Page | 1487 

References 

[1] A. Sass-Kiss, J. Kiss, P. Military, M. M. Creek, and M. Toth Markus, “Differences in anthocyanin 

and carotenoid content of fruits and vegetables,” Food Research International, vol. 38, no. 8-9, 

pp. 1023–1029, 2005.  

[2] L. E. Ordonez-Santos and D. P. Ledezma-Realpe, “Lycopene concentration and physic-chemical 

properties of tropical fruits,” Food and Nutrition Sciences, vol. 04, no. 07, pp. 758–762, 2013. 

[3] R. K. Toro and G. P. Savage, “Changes in major antioxidant components of tomatoes during post-

harvest storage,” Food Chemistry, vol. 99, no. 4, pp. 724–727, 2006. 

[4] J. Shi and M. L. Maguer, “Lycopene in tomatoes: chemical and physical properties affected by 

food processing,” Critical Reviews in Food Science and Nutrition, vol. 40, no. 1, pp. 1–42, 

2000. Journal of Food Quality 9  

[5] S. Xianquan, J. Shi, Y. Kaunda, and J. Yemini, “Stability of lycopene during food processing and 

storage,” Journal of Medicinal Food, vol. 8, no. 4, pp. 413–422, 2005.  

[6] R. C. Ranvier, S. N. Patel, and A. K. Shoo, “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.  

[7] G. Mariana, M. J. Paragon Cast ‘on, G. Canasta et al., “Carotenoids: actual knowledge on food 

sources, intakes, stability and bioavailability and their protective role in humans,” Molecular 

Nutrition and Food Research, vol. 53, no. S2, pp. S194–S218, 2009.  

[8] A. O. Omoni and R. E. Aluko, “the___14 anti-carcinogenic and anti-atherogenic effects of 

lycopene: a review,” Trends in Food Science and Technology, vol. 16, no. 8, pp. 344–350, 2005.  

[9] R. B. Jones, “Effects of postharvest handling conditions and cooking on anthocyanin, lycopene, 

and glucosinolate content and bioavailability in fruits and vegetables,” New Zealand Journal of 

Crop and Horticultural Science, vol. 35, no. 2, pp. 219–227, 2007.  

[10] K. Wu, S. J. Schwartz, E. A. Plats et al., “Variations in plasma lycopene and specific isomers 

over time in a cohort of US men,” the Journal of Nutrition, vol. 133, no. 6, pp. 1930–1936, 2003.  

[11] C. O. Adetunji, M. Aram, A. G. Mew et al., “Biochemical and pharmacotherapeutic potentials 

of lycopene in drug discovery,” in Preparation of Phytopharmaceuticals for the Management of 

Disorders, pp. 307–360, Academic Press, Cambridge, MA, USA, 2021.  

[12] Y. Li, Z. Cui, and L. Hu, “Recent technological strategies for enhancing the stability of lycopene 

in processing and production,” Food Chemistry, vol. 405, Article ID 134799, 2023.  

[13] S. S. Jabbari, S. M. Javari, D. Denham, and S. A. Shahidi, “Changes in lycopene content and 

quality of tomato juice during thermal processing by a nanofluid heating medium,” Journal of 

Food Engineering, vol. 230, pp. 1–7, 2018. 

[14] Faro, “Post-harvest management of tomato for quality and safety assurance Guidance for 

horticultural supply chain stakeholders,” 2018, https://www.fao.org/3/I8236EN/ i8236en.pdf.  

[15] M. Al-Dairy, P. B. Path are, and R. Al-Yahyai, “Chemical and nutritional quality changes of 

tomato during postharvest transportation and storage,” Journal of the Saudi Society of 

Agricultural Sciences, vol. 20, no. 6, pp. 401–408, 2021.  

[16] Y. Zhao, L. Li, S. Gao, S. Wang, X. Li, and X. Xing, “Postharvest storage properties and quality 

kinetic models of cherry tomatoes treated by high-voltage electrostatic Felds,” Lebensmittel-

Wissenschaft and Technologies, vol. 176, Article ID 114497, 2023. 

[17] M. C. Kyriako and G. Stereo, “Quality and postharvest performance of watermelon fruit in 

response to grafting on interspecific cucurbit rootstocks,” Journal of Food Quality, vol. 38, no. 

1, pp. 21–29, 2015. 

[18] J. Lade, M. J. Rodrigo, P. Cronje, and L. Zacharias, “Involvement of lycopene in the induction 

of tolerance to chilling injury in grapefruit,” Postharvest Biology and Technology, vol. 100, pp. 

176–186, 2015.  

[19] K. Munhuewyi, “Postharvest losses and changes in quality of vegetables from retail to consumer: 

a case study of tomato, cabbage and carrot,” Doctoral Dissertation, Stellenbosch University, 

Stellenbosch, South Africa, 2012.  

https://jptcp.com/index.php/jptcp/issue/view/79


Extensive Research On How Extraction Method, Heat Treatment And The Storage Condition Affect The Lycopene 

Content Of Various Foods 

 

Vol.31 No.1 (2024): JPTCP (1467-1493)  Page | 1488 

[20] I. Fernando, J. Fee, R. Stanley, and H. Enchain, “Measurement and evaluation of the effect of 

vibration on fruits in transit Review,” Packaging Technology and Science, vol. 31, no. 11, pp. 

723–738, 2018.  

[21] C. Founds, K. Morales, M. B. P´erez-Gago, L. Palou, M. Maraschino, and A. R. Montero, “Effect 

of active modified atmosphere and cold storage on the postharvest quality of cherry tomatoes,” 

Postharvest Biology and Technology, vol. 109, pp. 73–81, 2015.  

[22] G. O. Rozzi, G. D. Trencher, and A. A. Fras China, “Controlled-atmosphere storage of tomato 

fruit: low oxygen or elevated carbon dioxide levels alter galactosidase activity and inhibit 

exogenous ethylene action,” Journal of the Science of Food and Agriculture, vol. 79, no. 8, pp. 

1065–1070, 1999. 

[23] P. Perkins-Vizier and J. K. Collins, “Flesh quality and lycopene stability of fresh-cut 

watermelon,” Postharvest Biology and Technology, vol. 31, no. 2, pp. 159–166, 2004.  

[24] W. Kilt, “Effects of production and processing factors on major fruit and vegetable antioxidants,” 

Journal of Food Science, vol. 70, no. 1, pp. R11–R19, 2005.  

[25] E. C. Georgiou, C. Antoniou, I. Major et al., “Tissue specific elucidation of lycopene metabolism 

in commercial tomato fruit cultivars during ripening,” Scandia horticulture, vol. 284, Article ID 

110144, 2021.  

[26] A. Agrawal, H. Sheen, S. Agarwal, and A. V. Rao, “Lycopene content of tomato products: its 

stability, bioavailability and in vivo antioxidant properties,” Journal of Medicinal Food, vol. 4, 

no. 1, pp. 9–15, 2001.  

[27] V. Lavelli and G. Giovanelli, “Evaluation of heat and oxidative damage during storage of 

processed tomato products. II. Study of oxidative damage indices,” Journal of the Science of 

Food and Agriculture, vol. 83, no. 9, pp. 966–971, 2003.  

[28] W. W. Fish and A. R. Davis, “the___14 effects of frozen storage conditions on lycopene stability 

in watermelon tissue,” Journal of Agricultural and Food Chemistry, vol. 51, no. 12, pp. 3582–

3585, 2003.  

[29] L. Sansei, C. Teddies, C. Leona, and F. Cremona, “Evaluation, over time, of freezing effects on 

lycopene content and colour of frozen tomato products,” Industrial Conserve, vol. 79, pp. 379–

395, 2004.  

[30] Z. Lisiewska and W. Kmiecik, “Effect of storage period and temperature on the chemical 

composition and organoleptic quality of frozen tomato cubes,” Food Chemistry, vol. 70, no. 2, 

pp. 167–173, 2000.  

[31] C. Teddies, L. Sansei, F. Cremona, and C. Leona, “Evaluation over the effects, over time, of 

freezing on lycopene content and on the colour of frozen pizza surfaces,” Industrial Conserve, 

vol. 80, pp. 235–256, 2005.  

[32] M. I. Gil, E. Ague, and A. A. Kader, “Quality changes and nutrient retention in fresh-cut versus 

whole fruits during storage,” Journal of Agricultural and Food Chemistry, vol. 54, no. 12, pp. 

4284–4296, 2006.  

[33] S. K. Sharma and M. Le 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. 

[34] T. Lovric, Z. Sable, and M. Bo ´ ˇsonic, “Cis-trans isomer- ´ station of lycopene and colour 

stability of foam—mat dried tomato powder during storage,” Journal of the Science of Food 

and Agriculture, vol. 21, no. 12, pp. 641–647, 1970.  

[35] H. Li, J. Zhang, Y. Wang, J. Li, Y. Yang, and X. Liu, “The effects of storage conditions on 

lycopene content and colour of tomato hot pot sauce,” International Journal of Analytical 

Chemistry, vol. 2018, Article ID 1273907, 8 pages, 2018. 10 Journal of Food Quality  

[36] H. Li, X. Liu, L. Yang, D. Chen, and H. Cui, “The effects of adding soybean on the quality of 

tomato ketchup,” Acta Horticulture, vol. 971, pp. 211–216, 2013.  

https://jptcp.com/index.php/jptcp/issue/view/79


Extensive Research On How Extraction Method, Heat Treatment And The Storage Condition Affect The Lycopene 

Content Of Various Foods 

 

Vol.31 No.1 (2024): JPTCP (1467-1493)  Page | 1489 

[37] C. Pagane, A. Malvuccio, A. Suita et al., “Nutritional changes ` during storage in fresh-cut long 

storage tomato as affected by bio compostable polylactide and cellulose based packaging,” 

Lebensmittel-Wissenschaft and Technologies, vol. 101, pp. 618–624, 2019.  

[38] I. Odriozola-Serrano, R. Soliva Fortuny, and O. Martin Belloso, “Effect of minimal processing 

on bioactive compounds and colour attributes of fresh-cut tomatoes,” LWT-Food Science and 

Technology, vol. 41, no. 2, pp. 217– 226, 2008.  

[39] A. A. Abushita, H. G. Dodo, and P. A. Bias, “Change in carotenoids and antioxidant vitamins in 

tomato as a function of varietal and technological factors,” Journal of Agricultural and Food 

Chemistry, vol. 48, no. 6, pp. 2075–2081, 2000.  

[40] M. I. Gil, E. Ague, and A. A. Kader, “Quality changes and nutrient retention in fresh-cut versus 

whole fruits during storage,” Journal of Agricultural and Food Chemistry, vol. 54, no. 12, pp. 

4284–4296, 2006.  

[41] N. Kumar, P. Kaur, K. Divan, and A. K. Atman, “Shelf-life prolongation of cherry tomato using 

magnesium hydroxide reinforced bio-Nano composite and conventional plastic films,” Journal 

of Food Processing and Preservation, vol. 44, no. 4, Article ID e14379, 2020.  

[42] E. Mayer-Mie Bach and W. Spied, “Influenced of cold storage and blanching on the carotenoid 

content of Kintoki carrots,” Journal of Food Engineering, vol. 56, no. 2-3, pp. 211–213, 2003.  

[43] R. Gupta, V. M. Balasubramaniam, S. J. Schwartz, and D. M. Francis, “Storage stability of 

lycopene in tomato juice subjected to combined Pressure− heat treatments,” Journal of 

Agricultural and Food Chemistry, vol. 58, no. 14, pp. 8305– 8313, 2010.  

[44] T. Anguelova and J. Warthesen, “Lycopene stability in tomato powders,” Journal of Food 

Science, vol. 65, no. 1, pp. 67–70, 2000.  

[45] A. Bhumsaidon and M. Cham Chong, “Variation of lycopene and beta-carotene contents after 

harvesting of gac fruit and its prediction,” Agriculture and Natural Resources, vol. 50, no. 4, pp. 

257–263, 2016.  

[46] R. Kaur, K. Kaur, and P. Ahluwalia, “Effect of drying temperatures and storage on chemical and 

bioactive attributes of dried tomato and sweet pepper,” Let, vol. 117, Article ID 108604, 2020.  

[47] P. M. Bramley, “Is lycopene beneficial to human health?” Phytochemistry, vol. 54, no. 3, pp. 

233–236, 2000. 

[48] E. Garcia and D. M. Barrett, “Assessing lycopene content in California processing tomatoes,” 

Journal of Food Processing and Preservation, vol. 30, no. 1, pp. 56–70, 2006.  

[49] Faro, “Production crops livestock data,” 2021, https://www. fao.org/fiesta/en/#data/QCL. 

[50] F. X. Branthome, “Top 10 tomato processing countries,” Tomato News, vol. 21, 2021.  

[51] M. J. Brown, M. G. Peruzzi, M. L. Nguyen et al., “Carotenoid bioavailability is higher from 

salads ingested with full-fat than with fat-reduced salad dressings as measured with 

electrochemical detection,” the___14 American Journal of Clinical Nutrition, vol. 80, no. 2, pp. 

396–403, 2004.  

[52] H. S. Ribera, J. M. Guerrero, K. Trivia, G. Rechkemmer, H. P. Schumann, and H. Schubert, 

“Cellular uptake of carotenoid-loaded oil-in-water emulsions in colon carcinoma cells in vitro,” 

Journal of Agricultural and Food Chemistry, vol. 54, no. 25, pp. 9366–9369, 2006.  

[53] D. Hornero-Mendez and M. I. M ´ ´ınguez-Mosquera, “Bio accessibility of carotenes from 

carrots: Effect of cooking and addition of oil,” Innovative Food Science and Emerging 

Technologies, vol. 8, no. 3, pp. 407–412, 2007.  

[54] T. Hue, M. G. Peruzzi, S. J. Schwartz, and M. L. Faille, “Impact of fatty acyl composition and 

quantity of triglycerides on bio accessibility of dietary carotenoids,” Journal of Agricultural and 

Food Chemistry, vol. 55, no. 22, pp. 8950–8957, 2007.  

[55] J. Shi, Y. Wu, M. Bryan, and M. Le Marc, “Oxidation and isomerization of lycopene under 

thermal treatment and light irradiation in food processing,” Preventive Nutrition and Food 

Science, vol. 7, no. 2, pp. 179–183, 2002.  

https://jptcp.com/index.php/jptcp/issue/view/79


Extensive Research On How Extraction Method, Heat Treatment And The Storage Condition Affect The Lycopene 

Content Of Various Foods 

 

Vol.31 No.1 (2024): JPTCP (1467-1493)  Page | 1490 

[56] K. Shi, T. Hu, P. Zhang et al., “Thermal conditions and active substance stability affect the 

isomerization and degradation of lycopene,” Food Research International, vol. 162, Article ID 

111987, 2022.  

[57] N. Miki and K. Alas, “Effects of heating sterilization on colour of tomato juice,” Nippon 

Shokuhin Kogyo Takaishi, vol. 17, no. 5, pp. 175–181, 1970.  

[58] V. Dewanto, X. Wu, K. K. Adam, and R. H. Liu, “Thermal processing enhances the nutritional 

value of tomatoes by increasing total antioxidant activity,” Journal of Agricultural and Food 

Chemistry, vol. 50, no. 10, pp. 3010–3014, 2002.  

[59] A. O. Epitope, A. I. P. Elcho, and I. D. Olubunmi, “Lycopene content in tomatoes (Lycopersicon 

esculentum mill): Effect of thermal heat and its health benefits,” Global Science. Books, vol. 3, 

no. 1, pp. 40–43, 2009.  

[60] G. R. Takeoka, L. Dao, S. Flesh et al., “Processing effects on lycopene content and antioxidant 

activity of tomatoes,” Journal of Agricultural and Food Chemistry, vol. 49, no. 8, pp. 3713–

3717, 2001.  

[61] E. Capanoglu, J. Bewilder, D. Boyacioglu, R. Hall, and R. De Voss, “Changes in antioxidant and 

metabolite profiles during production of tomato paste,” Journal of Agricultural and Food 

Chemistry, vol. 56, no. 3, pp. 964–973, 2008.  

[62] R. Y. Chen, J. J. Wu, M. J. Tsai, and M. S. Liu, “Effect of storage and thermal treatment on the 

antioxidant activity of tomato fruits,” Taiwan None Hague Yu Shipping Kxoe, vol. 38, pp. 353–

360, 2000.  

[63] C. H. Chang, H. Y. Lin, C. Y. Chang, and Y. C. Liu, “Comparisons on the antioxidant properties 

of fresh, freeze-dried and hot-air-dried tomatoes,” Journal of Food Engineering, vol. 77, no. 3, 

pp. 478–485, 2006.  

[64] F. Khachik, M. B. Golgi, G. R. Beecher et al., “Effect of food preparation on qualitative and 

quantitative distribution of major carotenoid constituents of tomatoes and several green 

vegetables,” Journal of Agricultural and Food Chemistry, vol. 40, no. 3, pp. 390–398, 1992.  

[65] C. Seybold, K. Froehlich, R. Kitsch, K. Otto, and V. B ¨ ohm, ¨ “Changes in contents of 

carotenoids and vitamin E during tomato processing,” Journal of Agricultural and Food 

Chemistry, vol. 52, no. 23, pp. 7005–7010, 2004.  

[66] E. Sahlin, G. P. Savage, and C. E. Lister, “Investigation of the antioxidant properties of tomatoes 

after processing,” Journal of Food Composition and Analysis, vol. 17, no. 5, pp. 635–647, 2004.  

[67] G. Graziani, R. Penrice, S. Languish, P. Vitaglione, M. Anise, and V. Fogliano, “Effect of peeling 

and heating on carotenoid content and antioxidant activity of tomato and tomato virgin olive oil 

systems,” European Food Research and Technology, vol. 216, no. 2, pp. 116–121, 2003. Journal 

of Food Quality 11 

[68] R. Re, P. M. Bramley, and C. Rice-Evans, “Effects of food processing on flavonoids and lycopene 

status in a Mediterranean tomato variety,” Free Radical Research, vol. 36, no. 7, pp. 803–810, 

2002. 

[69] C. Sanchez-Moreno, L. Plaza, B. de Ancon, and M. P. Cano, ´ “Nutritional characterisation of 

commercial traditional pasteurised tomato juices: carotenoids, vitamin C and radical-

scavenging capacity,” Food Chemistry, vol. 98, no. 4, pp. 749–756, 2006.  

[70] K. Axe, E. Mayer-Mie Bach, B. Link, H. Schumann, and H. Schubert, “Stability of lycopene in 

oil-in-water emulsions,” Engineering in Life Sciences, vol. 3, no. 4, pp. 199–201, 2003.  

[71] M. Paula and D. Rodriguez Amaya, “Changes in individual carotenoids and vitamin-c on 

processing and storage of guava juice,” Acta Aliment aria, vol. 16, no. 3, pp. 209–216, 1987.  

[72] Q. Xu, I. Adjani, and B. Reus, “Effect of processing methods on the quality of tomato products,” 

Food and Nutrition Sciences, vol. 09, no. 02, pp. 86–98, 2018.  

[73] D. P. S. Oberoi and D. S. Sogi, “Effect of drying methods and maltodextrin concentration on 

pigment content of watermelon juice powder,” Journal of Food Engineering, vol. 165, pp. 172–

178, 2015.  

https://jptcp.com/index.php/jptcp/issue/view/79


Extensive Research On How Extraction Method, Heat Treatment And The Storage Condition Affect The Lycopene 

Content Of Various Foods 

 

Vol.31 No.1 (2024): JPTCP (1467-1493)  Page | 1491 

[74] S. S. Campli, M. L. Rojas, J. E. P. G. do Amoral, S. G. Canniatti-Brazaca, and P. E. D. Augusto, 

“Ultrasound processing of guava juice: Effect on structure, physical properties and lycopene in 

vitro accessibility,” Food Chemistry, vol. 268, pp. 594–601, 2018. 

[75] A. Rawson, B. K. Tiara, A. Parts et al., “Effect of thermo sonication on bioactive compounds in 

watermelon juice,” Food Research International, vol. 44, no. 5, pp. 1168–1173, 2011.  

[76] M. Anise, P. Falcone, V. Fogliano, M. C. Nicola, and R. Massine, “Effect of equivalent thermal 

treatments on the colour and the antioxidant activity of tomato puree,” Journal of Food Science, 

vol. 67, no. 9, pp. 3442–3446, 2002.  

[77] V. S. Oliveira, S. Rodrigues, and F. A. Fernandez, “Effect of high-power low frequency 

ultrasound processing on the stability of lycopene,” Ultrasonic Zoochemistry, vol. 27, pp. 586–

591, 2015.  

[78] S. Gonzalez-Casado, O. Martin-Belloso, P. Elez-Martinez, and R. Soliva Fortuny, “Induced 

accumulation of individual carotenoids and quality changes in tomato fruits treated with pulsed 

electric Felds and stored at different post-treatments temperatures,” Postharvest Biology and 

Technology, vol. 146, pp. 117–123, 2018.  

[79] J. Peas, C. R. da Cunha, and L. A. Giotto, “Concentration of lycopene in the pulp of papaya 

(Carica papaya L.) by ultrafiltration on a pilot scale,” Food and Bioproducts Processing, vol. 

96, pp. 296–305, 2015.  

[80] K. G. L. R. Jayathunge, A. C. Strilakos, O. Credenza- ´ Alberta, I. R. Grant, J. Ling, and A. Kids, 

“Enhancing the lycopene in vitro bio accessibility of tomato juice synergistically applying 

thermal and non-thermal processing technologies,” Food Chemistry, vol. 221, pp. 698–705, 

2017.  

[81] C. S. Oliveira, F. S. Gomes, L. S. Constant et al., “Integrated membrane separation processes 

aiming to concentrate and purify lycopene from watermelon juice,” Innovative Food Science 

and Emerging Technologies, vol. 38, pp. 149–154, 2016.  

[82] P. A. Ramos-Parra, C. Garcia-Salinas, C. E. Rodriguez-Lopez ´ et al., “High hydrostatic pressure 

treatments trigger de novo carotenoid biosynthesis in papaya fruit (Carica papaya cv. Paradol),” 

Food Chemistry, vol. 277, pp. 362–372, 2019.  

[83] Y. Hassan, H. Geber, and A. Haile, “Effects of Pre-Heating and concentration temperatures on 

Physic-Chemical quality of semi concentrated tomato (Solana Lycopersium) paste,” Journal of 

Food Processing and Technology, vol. 10, no. 2, pp. 10–13, 2019.  

[84] D. Vicki, A. Amoresano, M. Nunziato et al., “Nutritional controlled preparation and 

administration of different tomato purees indicate increase of ´ β-carotene and lycopene 

isoforms, and of antioxidant potential in human blood bioavailability: a pilot study,” Nutrients, 

vol. 13, no. 4, p. 1336, 2021.  

[85] J. F. Rinaldi de Alvarenga, C. Tran, S. Hurtado-Barroso, M. Martinez-Hu´elamo, M. Allan, and 

R. M. Lamuela-Raventos, “Home cooking and ingredient synergism improve lycopene isomer 

production in Soffit,” Food Research International, vol. 99, pp. 851–861, 2017.  

[86] E. Mayer-Mie Bach, D. Behsnilian, M. Ruggier, and H. P. Schumann, “Thermal processing of 

carrots: lycopene stability and isomerisation with regard to antioxidant potential,” Food 

Research International, vol. 38, no. 8-9, pp. 1103–1108, 2005.  

[87] M. K. Alma, S. Sam’s, Z. H. Rena, M. Akhtaruzzaman, and S. N. Islam, “Minerals, vitamin C, 

and Effect of thermal processing on carotenoids composition in nine varieties orange-fished 

sweet potato (Ipomoea balatas L.),” Journal of Food Composition and Analysis, vol. 92, Article 

ID 103582, 2020.  

[88] M. C. Galena, F. dos Santos Gomes, D. W. H. Chavez et al., ´ “Lycopene-rich watermelon 

concentrate used as a natural food colourant: stability during processing and storage,” Food 

Research International, vol. 160, Article ID 111691, 2022. 

[89] A. M. Gouda and K. G. Adamopoulos, “Stability of lycopene during spray drying of tomato 

pulp,” LWT-Food Science and Technology, vol. 38, no. 5, pp. 479–487, 2005.  

https://jptcp.com/index.php/jptcp/issue/view/79


Extensive Research On How Extraction Method, Heat Treatment And The Storage Condition Affect The Lycopene 

Content Of Various Foods 

 

Vol.31 No.1 (2024): JPTCP (1467-1493)  Page | 1492 

[90] M. Ruggier, E. Mayer-Mie Bach, D. Behsnilian, E. Neff, and H. P. Schumann, “Influences of 

drying and storage of lycopene-rich carrots on the carotenoid content,” Drying Technology, vol. 

23, no. 4, pp. 989–998, 2005.  

[91] J. Kubota, N. Meese, and S. Siriamornpun, “Lycopene and beta carotene concentration in aril oil 

of gac (Momordica cochinchinensis Spring) as influenced by aril-drying process and solvents 

extraction,” Food Research International, vol. 50, no. 2, pp. 664–669, 2013. 

[92] N. Ishiwu Charles, J. O. Iwouno, E. Obiegbuna James, and C. Ezike Tochukwu, “Effect of 

thermal processing on lycopene, beta-carotene and Vitamin C content of tomato [Var. UC82B],” 

Journal of Food and Nutrition Sciences, vol. 2, no. 3, pp. 87–92, 2014.  

[93] C. G. Valdivia-Najar, O. Martin-Belloso, and R. Soliva Fortuny, “Kinetics of the changes in the 

antioxidant potential of fresh-cut tomatoes as affected by pulsed light treatments and storage 

time,” Journal of Food Engineering, vol. 237, pp. 146–153, 2018.  

[94] A. Castagna, E. Chiavaro, C. Dall’Asta, M. Rinaldi, G. Galaverna, and A. Ranieri, “Effect of 

postharvest UV-B irradiation on nutraceuticals quality and physical properties of tomato fruits,” 

Food Chemistry, vol. 137, no. 1-4, pp. 151–158, 2013.  

[95] R. K. Saint and Y. S. Krum, “Carotenoid extraction methods: a review of recent developments,” 

Food Chemistry, vol. 240, pp. 90–103, 2018. 12 Journal of Food Quality  

[96] N. A. Sager, S. PA reek, S. Sharma, E. M. Yahiya, and M. G. Lobo, “Fruit and vegetable waste: 

bioactive compounds, their extraction, and possible utilization,” Comprehensive Reviews in 

Food Science and Food Safety, vol. 17, no. 3, pp. 512–531, 2018.  

[97] A. Amiri-Rigi and S. Abbasid, “Micro emulsion-based lycopene extraction: Effect of surfactants, 

co-surfactants and pretreatment,” Food Chemistry, vol. 197, pp. 1002–1007, 2016.  

[98] N. A. Sager, S. Sharma, and S. PA reek, “Extraction, isolation and utilisation of bioactive 

compounds from fresh fruit and vegetable waste,” in Utilisation of Bioactive Compounds from 

Agricultural and Food Waste, pp. 252–271, CRC Press, Boca Raton, FL, USA, 2017.  

[99] J. Pol, T. Hay toil anion, O. Ranta-Aho, and M. L. Riekkola, ¨ “Determination of lycopene in 

food by on-line SFE coupled to HPLC using a single monolithic column for trapping and 

separation,” Journal of Chromatography A, vol. 1052, no. 1-2, pp. 25–31, 2004.  

[100] S. Machmudah, S. Zachariah Wizard, S. Wizard et al., “Lycopene extraction from tomato peel 

by-product containing tomato seed using supercritical carbon dioxide,” Journal of Food 

Engineering, vol. 108, no. 2, pp. 290–296, 2012.  

[101] G. Parrett, A. Troilus, E. Brave, O. Marconi, F. Galliano, and P. Fantasize, “Production of a 

lycopene-enriched fraction from tomato pomade using supercritical carbon dioxide,” The 

Journal of Supercritical Fluids, vol. 82, pp. 177–182, 2013.  

[102] M. Chili, M. Camelot, S. Chore et al., “Supercritical CO2 extraction and antioxidant activity of 

lycopene and β-carotene-enriched oleoresin from tomato (Lycopersicon esculentum L.) Peels 

by-product of a Tunisian industry,” Food and Bioproducts Processing, vol. 102, pp. 340–349, 

2017.  

[103] I. F. Strati, E. Gogou, and V. Oreopoulou, “Enzyme and high pressure assisted extraction of 

carotenoids from tomato waste,” Food and Bioproducts Processing, vol. 94, pp. 668– 674, 2015. 

[104] S. M. Choudhari and L. Anantha Narayan, “Enzyme aided extraction of lycopene from tomato 

tissues,” Food Chemistry, vol. 102, no. 1, pp. 77–81, 2007.  

[105] A. Zorro, M. Fidelio, and R. Lavecchia, “Enzyme-assisted extraction of lycopene from tomato 

processing waste,” Enzyme and Microbial Technology, vol. 49, no. 6-7, pp. 567–573, 2011.  

[106] E. H. Papaioannou and M. Liakopoulou-Kyriakides, “Agro food wastes utilization by Blakeslee 

transport for carotenoids production,” Acta Biochemical Polemical, vol. 59, no. 1, pp. 151–153, 

2012.  

[107] E. Lunge, S. Condon-Abandon, S. Cond ´ on, I. ´ Alvarez, and ´ J. Raso, “Improving the 

extraction of carotenoids from tomato waste by application of ultrasound under pressure,” 

Separation and Purification Technology, vol. 136, pp. 130– 136, 2014.  

https://jptcp.com/index.php/jptcp/issue/view/79


Extensive Research On How Extraction Method, Heat Treatment And The Storage Condition Affect The Lycopene 

Content Of Various Foods 

 

Vol.31 No.1 (2024): JPTCP (1467-1493)  Page | 1493 

[108] A. Amiri-Rigi, S. Abbasid, and M. G. Scanlon, “Enhanced lycopene extraction from tomato 

industrial waste using micro emulsion technique: optimization of enzymatic and ultrasound pre-

treatments,” Innovative Food Science and Emerging Technologies, vol. 35, pp. 160–167, 2016. 

[109] M. M. Poojary and P. Passamonti, “Extraction of lycopene from tomato processing waste: 

kinetics and modelling,” Food Chemistry, vol. 173, pp. 943–950, 2015. 

[110] D. M. Phoney, J. C. Freak, J. L. Cooper stone, S. J. Schwartz, and D. R. Held man, “Effect of 

solvent addition sequence on lycopene extraction efficiency from membrane neutralized caustic 

peeled tomato waste,” Food Chemistry, vol. 215, pp. 354–361, 2017.  

[111] A. K. Taungbodhitham, G. P. Jones, M. L. Wahlqvist, and D. R. Briggs, “Evaluation of 

extraction method for the analysis of carotenoids in fruits and vegetables,” Food Chemistry, vol. 

63, no. 4, pp. 577–584, 1998.  

[112] K. K. H. Y. Ho, M. G. Peruzzi, A. M. Lineage, and M. F. San Martin-Gonzalez, “Microwave-

assisted extraction of lycopene in tomato peels: Effect of extraction conditions on all trans and 

cis-isomer yields,” LWT-Food Science and Technology, vol. 62, no. 1, pp. 160–168, 2015. 

https://jptcp.com/index.php/jptcp/issue/view/79



