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Abstract

Tomatoes, watermelons, and processed tomato products contain abundant antioxidant compounds, including lyco-
pene. In spite of the interest in the role of lycopene, little is known about the contribution of tomatoes and tomato
products commonly consumed in Korea to the intake of lycopene. In this study, the daily per capita intake values of
lycopene and antioxidant compounds and activities of tomatoes, watermelons, and their processed products in Korea
were estimated. The daily per capita intake values of lycopene from raw tomatoes, watermelons, tomato ketchup, and
tomato juice were measured to be 1.07, 0.54, 0.26, and 0.08 mg/capita/day, respectively. The average lycopene intake
of male and female were 1.98 and 1.92 mg/capita/day, respectively. The daily per capita intake value of total phenolics
was highest in raw tomatoes (7.21 mg/capita/day), followed by watermelons (1.72 mg/capita/day), tomato ketchup
(141 mg/capita/day), and tomato juice (0.80 mg/capita/day). The daily per capita intake value of total antioxidant
activities also showed a similar pattern to total phenolic results. The overall daily per capita intake of antioxidant
content and activities was affected by both the daily per capita intake of each product and the levels of antioxidant
content and activities of each product. The daily per capita intake of these products in Korea is currently considerably
low, compared to the U.S. and Europe. Thus, an adequate consumption of lycopene-rich products is recommended.
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Introduction

As nutrition improved at the national level, the problems
related to nutrient deficiency decreased; however, the
western dietary pattern has caused nutritional imbal-
ance to emerge, along with various chronic diseases,
such as hypertension, cancer, and diabetes [1]. Accord-
ing to the 2018 report of the World Health Organiza-
tion (WHO), cancer is the cause of death for one in six
individuals worldwide, with one of the five factors of
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carcinogenesis being low intake of fruits and vegetables
[2]. Further, numerous epidemiological investigations
have proved the effects of fruits and vegetables on pre-
venting chronic diseases [3, 4].

Tomato (Solanum lycopersicum L.) is an annual or
perennial plant of the Solanaceae family. It is one of the
widely consumed vegetables that is available both raw
and in the form of various types of processed prod-
ucts, such as ketchup, juice, and sauce [5, 6]. Korean
tomato production increased from 276,663 tons in 2000
to 374,677 tons in 2017, indicating an annual positive
increase rate [7]. Tomato is a vegetable that is rich in
lycopene and accounts for 80% of the carotenoids in ripe
tomatoes [4, 6]. Watermelons, apricots, and guavas also
contain lycopene. However, more than 85% of our dietary
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lycopene comes from tomato fruit and tomato-based
products [8, 9]. The lycopene in tomatoes showed a steep
increase during the maturation process [10].

Watermelon (Citrullus vulgaris) is a representative
summer fruit and a dicotyledoneae that belongs to the
Cucurbitaceae family of the order Cucurbitales. The cur-
rent major watermelon producers are the U.S., Turkey,
South Korea, and China [11]. In South Korea, water-
melon production in 2017 was approximately 295,422
tons [7]. Lycopene accounts for approximately 70—90% of
carotenoids in mesocarp cell chromoplasts of watermel-
ons [12]. The lycopene in watermelons is responsible for
the red pulp, and it acts as the main phytochemical com-
pound that effectively reduces oxidative stress [13].

Lycopene is one of the 600 or more carotenoids that
are found in nature. In the past, the correlation between
carotenoids and human health was limited to compounds
such as, a-carotene and B-carotene, which contain the
pro-vitamin A form. However, other carotenoids have
known as key phytochemical compounds, and lycopene
was especially found to cause the most prominent effect
on human health [14]. Lycopene is a natural fat-soluble
pigment that is synthesized by plants and microorgan-
isms, but not by animals. Structurally, it is an acyclic
carotenoid with a long sequence of 11 conjugated double
bonds in all-trans forms, and approximately 72 geometri-
cal isomers have been reported to exist [15]. In addition,
unlike other carotenoids, the -ionone ring structure is
absent in lycopene, and thus pro-vitamin A activity is
known to be low [11, 14].

As of recent, no studies have estimated the Korean
daily per capita intake of antioxidant compounds and
activities, such as those of lycopene, that are present in
tomatoes, watermelons, and their processed products.
Thus, the present study aimed to analyze the antioxidant
compounds and activities with special emphasis on lyco-
pene from tomatoes, watermelons, and their processed
products. The study also estimated the daily per capita
consumption of each food product using the food intake
data of the Korea National Health and Nutrition Exami-
nation Survey (KNHANES) that was conducted by the
Korea Disease Control Division in 2017 [16]. Then, based
on the findings, the daily per capita intake values of lyco-
pene and antioxidant compounds and activities of toma-
toes, watermelons, and their processed products in Korea
were estimated.

Materials and methods

Materials

The samples were purchased from local fruit markets
and hypermarkets in the city of Cheonan, South Korea.
A total of 35 different types of samples were used, which
include 4 types of common tomatoes, 4 types of cherry
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tomatoes, 15 types of watermelons, 8 types of tomato
ketchup, and 4 types of tomato juice. Each product was
labeled with a number to not disclose the name of the
manufacturer. Common tomatoes, cherry tomatoes,
and watermelons were rapidly frozen with — 196 °C
liquid nitrogen and stored in — 25 °C freezer for subse-
quent extraction to analyze antioxidant compounds and
activities. In addition, the samples of tomato ketchup
and tomato juice were stored according to the condition
that was indicated in the product label for subsequent
analysis.

Extraction to measure antioxidant compounds

and activities

A total of 300 mL of 80% methanol was mixed with 30 g
of samples of freeze-stored common tomatoes, cherry
tomatoes, and watermelons. Afterwards, using a blender
(JB 3060, Braun Co., Kronberg, Germany), homogeniza-
tion was implemented for three minutes twice and for
two minutes once. The supernatant was then filtered
using Whatman # 2 filter paper and concentrated using
a rotary evaporator (N-1000, Eyela, Tokyo, Japan). It was
then stored at — 25 °C for subsequent measurements of
lycopene content, antioxidant compounds, and activities.

Total flavonoid analysis

The total flavonoid content of samples was measured
using the colorimetric assay method [17, 18]. Briefly,
0.3 mL of 5% NaNO, was added to a mixture of deion-
ized water and 1 mL aliquot of the diluted sample. After
vortexing, the mixture rested at room temperature for
5 min. Next, 0.3 mL of 10% AICl; was added, and after
vortexing, the mixture was placed at room temperature
for 6 min. Finally, 2 mL of 1 N NaOH and 2.4 mL of dis-
tilled water were added to adjust the volume to 10 mL.
The absorbance was measured at 510 nm using a spec-
trophotometer (Optizen POP, Mecasys, Daejeon, Korea),
and the total flavonoid content was expressed as mg rutin
equivalents (RE) kg/fresh weight (FW).

Total phenolic analysis

The total phenolic content of samples was measured
using the Folin-Ciocalteu colorimetric assay method [17,
18]. After adding 0.2 mL of the Folin-Ciocalteu phenol
reagent to 0.2 mL aliquot of the diluted sample that was
mixed with deionized water, the mixture was vortexed
and made to rest at room temperature for 6 min. Next,
2 mL of 7% NaCO; were added, and the mixture was vor-
texed, and placed at room temperature in a dark place for
90 min. The absorbance was measured at 750 nm using
a spectrophotometer, and the total phenolic content was
expressed as mg gallic acid equivalents (GAE)/kg FW.
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Lycopene analysis

The lycopene content of the samples was measured
according to Bicanic’s method with some modifications
[19, 20]. For each 1.0 g of samples, a small amount of
deionized water and methanol was added, and the mix-
ture was vortexed after placing Celite powder (No. 545).
A glass filter (3G3) was inserted to a glass vessel, and
then using an aspirator (AAA71015, Jeio Tech Co. Ltd.,
Daejeon, Korea), aspiration-filtration was implemented
while methanol was simultaneously added until the
yellow color of the sample solution turned a transpar-
ent color. Next, the glass filter was moved and fixed to
another glass vessel, and then aspiration-filtration was
implemented while benzene was added until the color
of the filtrate turned transparent. The filtrate was then
transferred to a 100 mL flask, and benzene was used as
the sample solution after adjusting to a constant volume.
The absorbance was measured at 487 nm using a spectro-
photometer, and the lycopene content was expressed as
mg/kg FW.

DPPH radical scavenging activity analysis

The DPPH radical scavenging activity was measured
using a modified method by Shin [18] and Brand-Wil-
liams et al. [21]. Briefly, 2.95 mL of DPPH solution were
added to a mixture of 50 pL of the sample and deionized
water. Then, the homogenized mixture sat and reacted at
room temperature in a dark place for 30 min. The absorb-
ance was measured at 517 nm using a spectrophotome-
ter, and the measured DPPH radical scavenging activity
was expressed as mg vitamin C equivalents (VCE)/kg
FW.

ABTS radical scavenging activity analysis

The ABTS radical scavenging activity of the extracted
samples was measured using a modified method by
Floegel et al. [22] and Re et al. [23]. Briefly, 980 pL of
ABTS solution were added to a mixture of 20 pL sam-
ple and deionized water. The homogenized mixture was
then allowed to react at 37 °C for 10 min. The absorbance
was measured at 734 nm using a spectrophotometer,
and the measured ABTS radical scavenging activity was
expressed as mg VCE/kg FW.

Daily intake of tomatoes, watermelons, and their
processed products

The daily intake values of tomatoes, watermelons, and
their processed products were estimated using the
Korea National Health and Nutrition Examination Sur-
vey (KNHANES VII-2) that was conducted by the Korea
Center for Disease Control and Prevention in 2017
[16]. The KNHANES consisted of a health survey, an
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examination survey, and a nutrition survey. The nutrition
survey was conducted by visiting the target households,
while the survey consisted of a dietary life survey, a food
safety survey, a food intake frequency investigation, and
a food intake investigation. The food intake investiga-
tion examined all foods that were ingested by the subject
during the previous day. The investigation was based on
individual interviews, using the 24 h recall method. The
investigation object of the 2017 KNHANES VII-2 that
was used in this study recruited 10,430 subjects, among
who 8,127 participated in at least one of the following
three surveys: the health survey, examination survey, and
nutrition survey, with an overall 77.9% participation rate
and an 80% rate for the nutrition survey.

Estimation of daily per capita intake of antioxidant
compounds and activities

To estimate the daily per capita intake of lycopene and
the antioxidant compounds and activities of tomatoes,
watermelons, and their processed products, the results
of the KNHANES and chemical analysis of the measured
contents were used. The calculations were based on the
following equations:

Daily per capita intake of total flavonoids (mg RE/
person/day) =3 CiFj

C, indicates the daily per capita intake of tomatoes,
watermelons, and their processed products based on raw
data; F; indicates the total flavonoid content of tomatoes,
watermelons, and their processed products.

Daily per capita intake of total phenolics (mg GAE/
person/day) =3 C;P;

C, indicates the daily per capita intake of tomatoes,
watermelons, and their processed products based on raw
data; P, indicates the total phenolic content of tomatoes,
watermelons, and their processed products.

Daily per capita intake of lycopene (mg/person/
day) = Z CiLi

C, indicates the daily per capita intake of tomatoes,
watermelons, and their processed products based on
raw data; L; indicates the lycopene content of tomatoes,
watermelons, and their processed products.

Daily per capita intake regarding DPPH radical scav-
enging activity (mg VCE/person/day)=> " CiD;

C, indicates the daily per capita intake of tomatoes,
watermelons, and their processed products based on raw
data; D; indicates the level of DPPH radical scavenging
activity of tomatoes, watermelons, and their processed
products.

Daily per capita intake regarding ABTS radical scav-
enging activity (mg VCE/person/day) =) CiA;

C, indicates the daily per capita intake of tomatoes,
watermelons, and their processed products based on raw
data; A, indicates the level of ABTS radical scavenging
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activity of tomatoes, watermelons, and their processed
products.

Statistical analysis

For statistical analysis, the SPSS 20 program (SPSS Inc.,
Chicago, IL, USA) was used. For each test group, a one-
way analysis of variance (ANOVA) was implemented,
and Duncan’s multiple range test was used for the signifi-
cance of each average value (p <0.05).

Results and discussion
Total flavonoid content
The total flavonoid content of tomatoes, watermelons,
and their processed products, is as presented in Table 1.
The total flavonoid content of tomatoes was measured to
be between 172.86 and 556.19 mg RE/kg FW, while that
of watermelons was between 89.52 and 268.57 mg RE/
kg FW. For tomato ketchup and tomato juice, the range
was between 1,570.00 and 2,784.29 mg RE/kg FW, and
between 446.67 and 956.67 mg RE/kg FW, respectively.
Compared to common tomatoes, the total flavonoid
content of cherry tomatoes showed higher levels with
significant differences. According to the study by Hall-
mann [24] on the bioactive compounds in different types
of tomatoes, the total flavonoid content of cherry toma-
toes was 98.54+8.22 mg/100 g in dry weight (DW), while
that of common tomatoes was 59.20+7.65 mg/100 g in
DW, which agrees with the results of this study. In addi-
tion, processed tomato products (ketchup and juice)
showed 2-16 times higher flavonoid content compared
to raw tomatoes. This is because naringenin, which is a
flavanone that is most abundant in tomatoes, increases
during such processes as part of heat treatment [25].
Likewise, apple juice has been reported to show approxi-
mately a 50% increase in the flavonoid content following
heat treatment at 40-70 “C [26]. In addition, according
to a study by Tlili et al. [12], antioxidant compounds and
activities varies based the maturity of watermelons, and
the total flavonoid content of red-ripe watermelons was
193.1+4.8 mg RE/kg FW, which is consistent with this
study. Not only in the case of watermelons, but also for
raw tomatoes and processed tomato products, differ-
ences in total flavonoid content were shown according
to the cultivar, country of origin, and manufacturer. This
may be caused by the fact that each sample and product
raw material differ in terms of the cultivar, country of ori-
gin, harvest period, and processing [27, 28].

Total phenolic content

The total phenolic content of the products is as pre-
sented in Table 1. The total phenolic content of tomatoes
was measured between 267.18 and 775.04 mg GAE/kg
FW, while that of watermelons was between 133.75 and
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176.83 mg GAE/kg FW. For tomato ketchup and tomato
juice, the range was between 800.00 and 1,200.00 mg
GAE/kg FW, and between 293.25 and 472.75 mg GAE/kg
FW, respectively.

Tomato ketchup, compared to raw tomatoes, showed
approximately 2.2 times higher mean content. Accord-
ing to a study by Gahler et al. [29] as the time of heat
treatment increased during the sterilization processing
of tomatoes, the total phenolic content increased. Thus,
in the case of tomato ketchup, various processing steps,
such as heat treatment, have been found to increase the
total phenolic content higher than in the case of raw
tomatoes. In the case of tomato juice, on the other hand,
the content was shown to be lower than that of raw toma-
toes. This pattern is believed to be due to the peeling pro-
cess during the production of tomato juice, whereby the
abundant phenolic compounds, such as rutin, rutin apio-
side, naringenin, and naringenin chalcone in the peel, are
reduced [25]. However, according to Klopotek et al. [30],
antioxidant compounds and activities of processed straw-
berry products were lower than those of raw strawber-
ries, as based on the processing. Notably, in the case of
strawberry juice after the low-temperature sterilization
processing step, the total phenolic content was shown to
be 27% lower than that of raw strawberries. This may be
due to the loss of the anthocyanin component in straw-
berries by the heat that is provided during the steriliza-
tion processing step, which lowered the total phenolic
content. In addition, according to Nagal et al. [31], the
total phenolic content of watermelons was measured to
be between 13.05 and 18.08 mg GAE/100 g FW, which is
in accord with the results of this study.

Lycopene content

The lycopene content of the products is presented in
Table 1. The lycopene content of tomatoes was meas-
ured to be between 40.19 and 108.06 mg/kg FW, while
that of watermelons was between 24.23 and 69.12 mg/
kg FW. For tomato ketchup, the range was 116.59 and
254.98 mg/kg FW; for tomato juice, the range was 9.90
and 54.21 mg/kg FW.

According to Martinez-Valverde et al. [32], the lyco-
pene content of various tomato cultivars in Spain was
18.60-64.98 mg/kg FW, which is a range that is lower
than in this study. In contrast, the lycopene content
of tomatoes in Croatia was 1.82-11.19 mg/100 g FW,
which is consistent with this study [33]. This may be
due to the differences in the cultivar, maturity, and
cultivation conditions with influence on the lycopene
content of tomatoes. Moreover, for tomato ketchup,
the products across different brands showed signifi-
cant differences. This is believed to be due to the differ-
ences in the content of tomato paste in each product,
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Table 1 Levels of antioxidant content and activities of tomato, tomato juice, tomato ketchup, and watermelon

Product Brands Total flavonoids Total phenolics (mg Lycopene (mg/kg FW) Antioxidant activities (mg VCE/kg
(mg RE/kg FW) GAE/kg FW) FW)
DPPH ABTS

Tomato CT1 54095+4.10 775.04+£1.28 77.69+£457 49531+£2.86 920.51£13.78
CT12 351.904+10.52 594.87 £6.54 108.06£4.37 387.70£5.71 718.13+6.55
CT3 367.14£3.09 617.784+0.48 101.724£1.18 398.38£4.95 694.98+8.15
CT4 556.194+943 664.27 +£1.28 59.10£294 419.75+8.83 824.61+10.62
™M1 202.804+2.94 281.71+0.61 64.6942.381 159.35+4.49 287.97£3.27
™2 172.8642.02 340.68+1.47 68.84+5.67 215.68+£194 355.76£7.02
™3 187.62+243 29949+1.26 40194158 180.88+1.30 300.20£8.57
™4 22095+1.78 267.18+£0.73 4841 +241 135.084+1.30 278.04£3.74
Average 325.004 146.08° 480.134190.34° 71094 22.65° 299.024+131.48° 547.52+251.31°

Tomato juice J1 956.67 +£57.93 439.50+6.96 48334124 31.19+£204 233.39£6.10
J2 776.67 £41.67 472.75+9.21 45.9942.30 147464232 313.62+£4.40
J3 446.67 £37.69 29325+ 1.84 990+1.78 59.55£2.32 159.03+1.84
J4 781.90+£42.01 442.25+6.83 54.214£9.25 187.79+4.46 35244+£348
Average 74048 +19.00° 411.944701° 40494+ 1.84° 106.50 £6.36° 264.62+747°

Tomato ketchup K1 2545.71 £188.41 1120.00£28.94 206.1442.80 224.02£18.57 633.06+15.12
K2 2340.00+123.02 1035.00+£31.82 204.114£1.63 213.63£583 579.24+12.84
K3 258857 +£60.71 1058.33+£17.83 199.294+4.55 20449+446 560.76 +2.03
K4 24942946131 1062.50+£26.06 205.834+1.92 208.90£2.67 605.88+4.28
K5 1564.29+51.55 801.67+£22.58 116594058 12635+4.52 42323+6.83
K6 1570.00+107.30 800.00£5.40 116.98+0.39 134.544+7.81 418.88+2.77
K7 2737.144+99.98 1199.17 £ 24.61 25498 4+1.05 180.86+2.48 592.83+4.28
K8 2784.294+100.59 1200.00+19.69 246.144£043 184.64+£8.95 6026141148
Average 2328.04+47.02° 1034.58 + 14.86° 193.76 +4.85° 184.68+3.51° 552.06+7.86°

Watermelon W1 11476 +£2.69 140.08+1.53 40.794+2.50 49.964+0.63 88.73£0.72
W2 160.95+3.37 133.75+£0.74 69.124£3.86 3846+£0.36 87.06£0.98
W3 130.00+233 164.83+£0.12 24234218 45544036 91.18£042
W4 178.104£1.35 155.574+1.03 60.07£0.73 48194130 105464+0.27
W5 17286+1.17 146.08 +0.66 61.56+1.46 38.02£1.08 88.95£0.69
W6 189.52+8.75 150.5041.95 3581+1.36 44764022 86.39£1.19
W7 113.814+4.10 136.00+1.34 47084035 41624039 84.83£0.16
W8 104.76 +4.42 141.58+£0.31 50954091 30.14£0.22 83.27£0.32
W9 9238+£1.78 143.08£0.51 47.36+191 3847+£0.44 85.94£0.79
W10 89.524+243 139.17+£0.82 48.77+1.55 32.18+£0.39 76.57£0.16
W11 109.05+4.86 135.754+0.71 47.28+231 16.934+0.80 5828+0.27
W12 134.76+1.78 158.17+£1.05 47.514+0.29 49.644+193 86.17£0.63
W13 156.67 +£3.75 153.75£1.59 49.71+£1.07 37.06£0.22 7546£0.16
W14 268.57+2.02 169.08 £3.95 32.60£093 36.86£0.39 94.75£047
W15 140.95+0.67 176.83+3.68 43484355 61.284+045 116.614+1.03
Average 143.78 445224 149,62 +£12.84¢ 4709411.14° 4061 +9.96¢ 8731+£1263¢

Results are mean values + standard deviation from three measurements (n = 3) of each sample; means in the same column with superscript with different letters (a, b,
¢, and d) are significantly different at p <0.05. (RE rutin equivalent, GAE gallic acid equivalent, VCE vitamin C equivalent, FW fresh weight)

which influences the lycopene content. Thus, tomato
ketchup with high tomato paste content showed sig-
nificantly higher lycopene content. On the other hand,
the difference in lycopene content between raw toma-
toes and processed tomato products is considered due

to processing, such as sterilization [32]. In the case
of tomatoes, lycopene synthesis was found to be sup-
pressed by temperatures that are above 37 °C during
the day throughout cultivation, whereas the tempera-
ture did not affect watermelons [34]. Thus, lycopene
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content in watermelons has been found to be influ-
enced by maturity, soil fertility, and light intensity.

DPPH radical scavenging activity

The DPPH radical scavenging activity values of the prod-
ucts are presented in Table 1. The DPPH radical scav-
enging activity of tomatoes was measured be within the
range of 135.08 and 495.31 mg VCE/kg FW, while that
of watermelons was measured to be within the range of
16.93 and 61.28 mg VCE/kg FW. For tomato ketchup,
the range was 126.35 and 224.02 mg VCE/kg FW; for
tomato juice, the range was 31.19 and 187.79 mg VCE/
kg FW. According to Floegel et al. [22], the DPPH radical
scavenging activity values of raw tomatoes and tomato
juice were 44.2 and 62.6 mg VCE/100 g, respectively. The
results of the present study indicate a similar trend for
raw tomatoes, whereas a relatively lower level of content
was demonstrated by tomato juice. This may be due to
differences in tomato paste content in tomato juice, prod-
uct processing methods, and tomato cultivars.

ABTS radical scavenging activity

The ABTS radical scavenging activity values of the prod-
ucts are presented in Table 1. The ABTS radical scaveng-
ing activity of tomatoes were found to be within the range
of 278.04 and 920.51 mg VCE/kg FW, while that of water-
melons was relatively low and within the range of 58.28
and 116.61 mg VCE/kg FW. For tomato ketchup, the
range was 418.88 and 633.06 mg VCE/kg FW,; for tomato
juice, the range was 159.03 and 352.44 mg VCE/kg FW.
Floegel et al. [22] found that the ABTS radical scavenging
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activity of tomato ketchup was 48.1+1.2 mg VCE/100 g
FW, while Chun et al. [35] reported the ABTS radical
scavenging activity of tomatoes to be 29.44+1.60 mg
VCE/100 g FW, which all implicate a similar trend to that
of this study.

Daily intake of tomatoes, watermelons, and their
processed products

Table 2 presents the data that were obtained from ana-
lyzing the 2017 KNHANES VII-2 data regarding the daily
per capita intake of the products in Korea [16]. The daily
per capita intake of the products, according to gender
and age, are presented in Table 3. Analyzing the intake
according to gender showed that the daily per capita
intake was higher in males than in females in terms of
total consumption of watermelons, tomato ketchup, and
juice, but not raw tomatoes. The intake of raw toma-
toes in women according to age showed a decrease in
the order of age: 50~64>30~49>65 or above>19~2
9>3~5>6~11>12~18>1~2. In addition, analyzing
the intake according to age showed that the intake of
raw tomatoes in male and female who were aged 30 or
above was approximately 60.35% and 64.39% from total
consumption, respectively. The intake of raw tomatoes
was relatively lower in male and female who were aged
below 30. In contrast, for tomato ketchup, the intake in
males and females who were aged below 30 was approxi-
mately 81.82% and 78.79%, respectively. Hence, the group
of those who are aged > 30 has been determined to have
preference for raw tomatoes over tomato ketchup or
juice. According to a study on the daily intake of tomatoes

Table 2 Daily per capita consumption (g/capita/day) from tomato, processed tomato product, and watermelon according
to gender and age on the basis of the analysis of the existing dataset in the Korea Health and Nutrition Examination

Survey 2017
Gender Product Age (yr) Average
1~2 3~5 6~11 12~18 19~29 30~49 50~64 >65

Male Tomato 4.67 546 7.77 4.88 11.21 14.84 18.27 18.63 13.88
Tomato juice 348 n/a 0.74 2.39 1.55 353 n/a 2.12 2.30
Tomato ketchup 0.36 1.05 3.09 3.51 333 1.78 0.58 0.16 172
Watermelon 4.95 5.26 11.24 11.78 6.38 16.79 1042 12.36 12.01

Female Tomato 0.80 8.75 7.09 6.28 9.71 18.27 23.52 17.20 16.15
Tomato juice n/a n/a 1.85 n/a n/a 1.72 3.12 n/a 1.57
Tomato ketchup 047 0.34 2.04 245 1.35 1.20 044 0.15 1.00
Watermelon 13.02 8.79 8.89 11.75 4.51 13.32 14.77 7.24 11.00

Average Tomato 2.86 7.04 744 555 10.50 16.51 20.90 17.80 15.01
Tomato juice 1.85 n/a 094 1.25 265 2.65 241 n/a 1.94
Tomato ketchup 041 0.95 2.58 3.01 2.40 1.50 0.51 0.15 1.36
Watermelon 873 6.95 10.09 11.77 5.50 15.10 12.60 941 11.51

Various commercial lycopene-rich products in the Korean diet were selected from the existing dataset of the 2017 Korea National Health and Nutrition Examination

Survey (KNHANES). n/a data not available
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Table 3 Estimated daily intake of antioxidant contents and activities from tomato, tomato processed product,

and watermelon in the Korean diet according to gender

Gender Brands Total flavonoids (mg Total phenolics (mg Lycopene (mg/ Antioxidant capacities (mg
RE/capita/day) GAE/capita/day) capita/day) VCE/capita/day)
DPPH ABTS

Male Tomato 4514203 6.67 +2.64° 09940312 4154182 7.60+349°
Tomato juice 1.714£042° 0.95+0.16° 0.0940.04¢ 0.25+0.15° 06140.17°
Tomato ketchup 40040.79° 1.78 £0.25° 0.3340.08° 0.3240.06° 0.9540.13°
Watermelon 1.734054° 1.8040.15° 0.57+£0.13° 04940.12° 1.0540.15°
Sum 11.95 11.19 198 5.20 1021

Female Tomato 5254236 7.7643.08° 11540367 4834212 8.8444.067
Tomato juice 1.1640.29° 065+0.11° 0.07 £0.03¢ 0.28+0.15° 042+0.12°
Tomato ketchup 2.334046° 1.0440.15° 0.2040.05° 0.1840.03° 0.5540.08°
Watermelon 1.5840.50° 16540.14° 0.520.12° 04540.11° 0.96£0.14°
Sum 1032 11.08 192 5.73 1077

Average Tomato 4884219 7.21£286% 1074034 44941977 82243772
Tomato juice 144+036° 0.8040.14° 0.0840.03° 02140.12° 0.5140.14°
Tomato ketchup 3.174062° 14140.20° 0.2640.07° 0.2540.05° 0.754+0.11°
Watermelon 1654052 1.7240.15° 0.54+0.13° 04740.11° 1.0040.15°
Sum 11.14 11.14 1.95 541 1049

Results are mean values =+ standard deviation from three measurements (n = 3) of each sample; means in the same column with superscript with different letters (a, b,
¢, and d) are significantly different at p <0.05. (RE rutin equivalent, GAE gallic acid equivalent, VCE vitamin C equivalent)

and tomato ketchup in Greece, the intake was 112.5 and
0.25 g/day, respectively. The daily per capita intake of raw
tomatoes was higher than that of processed tomato prod-
ucts, which is similar to out result [36].

Estimation of daily per capita intake of antioxidant
compounds

The estimation of the daily per capita intake of antioxi-
dant compounds from the products (Table 3), was based
on the daily per capita consumption of the products, as
calculated using the 2017 KNHANES VII-2 data [16]
(Table 2), and the quantitative analysis results of antioxi-
dant compounds in the products (Table 1).

The daily per capita intake values of total flavonoids
from tomatoes, watermelons, tomato ketchup and juice
were found to be 4.88+2.19, 1.65+0.52, 3.17 £ 0.62, and
1.44+0.36 mg RE/capita/day, respectively (Table 3). For
raw tomatoes, the total flavonoid content was lower than
that of tomato ketchup (Table 1); however, the daily per
capita intake of total flavonoids was significantly higher
(Table 3). This was found to be due to the markedly
higher daily intake of raw tomatoes than that of tomato
ketchup with its contribution to the relatively high daily
per capita total flavonoid content. In addition, for tomato
ketchup, the daily per capita intake of total flavonoids
based on gender was 4.00 and 2.33 mg RE/capita/day in
males and females, respectively (Table 3). Although the
total flavonoid content of each product was the same, the

difference in the intake resulted in the gender differences.
Based on the results, the daily per capita total flavonoid
intake is likely to be largely influenced by the daily per
capita intake, rather than the antioxidant content of each
product.

The daily per capita intake values of total phenolics
from the products were found to be the highest for raw
tomatoes (7.21+£2.86 mg GAE/capita/day) (Table 3).
According to Chun et al. [35], the daily per capita total
phenolic intake based on the intake of tomatoes was
24.4 mg GAE/capita/day. The total phenolic intake in the
U.S. is approximately 3.38 times higher than the results of
this study, which suggests that the daily per capita intake
of antioxidant compounds is influenced by daily intake.

Estimation of daily per capita intake of lycopene

The estimated daily intakes of lycopene from the Korean
diet according to gender and age are presented in Fig. 1.
The daily intake value of lycopene for male and female
from the Korean diet was in the order of tomato > water-
melon >tomato ketchup >tomato juice (Table 4). Addi-
tionally, Table 4 indicates that males and females between
the ages of 1-11 consumed high levels of lycopene. It
is assumed that this is due to their relatively low body
weight compared to the lycopene intake of 1-11 chil-
dren. Consequently, the average estimated daily intake
of lycopene is 0.03 mg/kg body weight/day for males and
females. There was an increasing trend by age, with the
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Fig. 1 Total estimated daily intakes of lycopene from tomato, tomato processed product, watermelon in the Korean diet according to gender and
age (mg/capita/day)

Table 4 Estimated daily intake of lycopene from tomato, tomato processed product, and watermelon in the Korean diet
according to gender and age (mg/capita/day)

Gender Age Estimated daily intake of lycopene by food stuff (mg/capita/day) Estimated total daily intake
of lycopene (mg/kg bw/day)
Tomato Tomato juice Tomato Watermelon
ketchup

Males 1-2 033 0.14 0.07 0.23 0.06
3-5 0.39 0.00 0.20 0.25 0.05
6-11 0.55 0.03 0.60 0.53 0.05
12-18 0.35 0.09 0.68 0.55 0.03
19-29 0.80 0.06 0.65 0.30 0.02
30-49 1.05 0.14 0.34 0.79 0.03
50-64 1.30 0.00 0.1 049 0.03
>65 1.32 0.08 0.03 0.58 0.03
Average 0.99 0.09 033 0.57 0.03

Females 1-2 0.06 0.00 0.09 0.61 0.06
3-5 0.62 0.00 0.07 0.41 0.06
6-11 0.50 0.07 040 042 0.04
12-18 045 0.00 047 0.55 0.03
19-29 0.69 0.00 0.26 0.21 0.02
30-49 1.30 0.07 0.23 0.63 0.04
50-64 1.67 012 0.09 0.70 0.04
>65 1.22 0.00 0.03 0.34 0.03
Average 1.15 0.06 0.19 0.52 0.03

bw body weight
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highest intake of 2.33 mg/capita/day between the age
of 30-49 years old for males, then the lycopene intake
has decreased at the age of 50. In the same way, females
also showed a similar tendency to males, with the high-
est intake of 2.58 mg/capita/day between the age of
50-64 years old. After 65 years old, the tendency has
dropped down. The average lycopene intake of male and
female were 1.98 and 1.92 mg/capita/day, respectively
(Fig. 1).

Table 5 shows estimated daily intake of lycopene in
some countries from representative references [33,
37-46]. However, the comparison with these crude
data should be considered carefully because the sam-
ple size and methodology differ between studies. When

Table 5 Comparison of estimated daily intake of lycopene
in some countries
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comparing the lycopene intake of the Korean popula-
tion with that of populations in other countries, it was
observed that the intake in Korean is still low comparing
to USA (10.41 ~10.50 mg/capita/day), Canada (6.36 mg/
capita/day), Netherland (4.86 mg/capita/day), France
(4.75 mg/capita/day). The differences between countries
may be related to various dietary habits, the quality of
the food composition used and the variation of lycopene
content within foods.

The average contributive composition percentage (%)
of lycopene from the products according to males and
females are presented in Fig. 2. Males consumed 50.01%
lycopene from raw tomato followed by tomato juice,
tomato ketchup, and watermelon. Females consumed
59.55% lycopene from raw tomato, which was higher
than that of males. Overall, the total average composi-
tion of lycopene was 54.70% from raw tomato followed
by watermelon (27.81%), tomato ketchup (13.52%), and
tomato juice (3.97%). The assessment of the data reveals

Country Lycopene (mg/capita/day) Year References that the dominant source of lycopene for intake by peo-

The Netherlands 1.0 (male), 1.3 (female) 1998 [37] ple is raw tomato.

Germany 1.28 1998  [38] L . s A

France 475 2000 [39] Estimation of daily per capita intake of antioxidant

Spain 164 2001 [39] activities o . i

Republic of eland 443 2001 [39] The daily per capita intake of antioxidant activities that

Netherlands 4'86 2001 [39] was estimated based on the DPPH radical scavenging

UK 1‘07 2001 (39] activity showed the following order: tomato>water-

USA 1'050 (male), 1041 (fermale) 2001 [40] melon >tomato ketchup >tomato juice (Table 3). The

Canada 6 3'6 T 2002 1] ABTS radical scavenging activity result also reveals a

Hunoar 2'99 (children), 426 (xdult) 2003 [42] similar trend. According to Chun et al. [35], the estimated

Polagd Y 1‘93 n 2005 143 daily per capita intake of antioxidant activities for tomato
n . . . . .

Austral 281 2005 (44 was 30.3 mg VCE/capita/day, which is approximately 3.7
ustralla . . . . . . P
Cronti 411 (school children) 2006 23] times higher than the value obtained in this study. This is

roatia . SCNhool chilaren), . . . .
335 (university students) believed to be due to the difference in the daily per cap-
Belgium 149 (male), 1.17 (ferale) 2013 [45] ita tomato intake. In addition, the daily per capita intake
Lithuania 137 2015 [46] values of antioxidant activities by ABTS method in males
Republic of Korea  1.98 (male), 1.92 (female) 2020 Current study and females, regarding raw tomato intake, were 7.60 and
Males Females Average
Watermelon Watermoelon Watermelon
28.66% | 26.94% 27.81%
Tomato _— 1*"
ketchup( 17 ketchupl ¥
: Tomato P
16.77% >SN 10-13% / 59.55%] [13:52% 0
TomatoL> Tomato 4 Tomato
Jjuice Jjuice juice
LG%’ 3.38% 3.97%

Males, Females, and Average

Fig. 2 The average contributive composition percentage (%) of lycopene from tomato, tomato processed product, watermelon in the Korean diet:
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8.84 mg VCE/capita/day, respectively (Table 3). This find-
ing suggests that the higher daily per capita intake of
antioxidant activities in women is due to the markedly
higher daily raw tomato intake. It has thus been found
that the daily per capita intake of antioxidant activities is
influenced by the daily intake of each product.

In conclusion, tomatoes, watermelons, and processed
tomato products (ketchup and juice) contain an abun-
dance of different antioxidant compounds, including
lycopene. For high-level intake of antioxidant compounds
and activities from each product, the intake of the prod-
uct itself should be increased. However, the daily per
capita intake of the products in Korea is considerably
low, compared to the U.S. and Europe. Thus, an adequate
intake of lycopene-rich products is recommended. This
study is highly significant in that it involves the estima-
tion of the daily per capita intake of antioxidant com-
pounds including lycopene, and antioxidant activities
in Korea, based on the data on the intake of tomatoes,
watermelons, and their processed products, as drawn
from the quantitative analysis of each product and the
KNHANES data.
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