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I]ens. CpaBHUTENbHAS] XapaKTEPUCTUKA YPOBHS aIMMEHTAPHOTO MOCTYIUJICHUS JTUKOMMHA U
OIICHKA YaCTOTHI BKIIFOUEHUS OCHOBHBIX MCTOYHHKOB JIMKOIIMHA B PAIlMOH CTYJICHTOB Pa3HOTO
BO3pacTa u nosua. Mamepuanvt u memoowl. J1Jis1 N3y4eHUS YaCTOTHI BKJIIFOUEHHUS B PALIMOH IHIIIE-
BBIX UCTOYHHUKOB JIMKOMHMHA U €r0 KOJMYECTBEHHOW OLIEHKH MPUMEHSUIMCh CHEeIMalbHO pa3pabo-
TaHHBIC AHKETHI-ONMPOCHUKH, B KOTOpPbIC OBUIM BHECEHBI Ha3BaHUS MPOJYKTOB CO 3HAYUMBIM CO-
JepKaHueM JIMKonuHa. Pesynomamor. CpaBHUTENBHBINA aHAINU3 YPOBHEH MOCTYIJICHUS JIMKOMHUHA
HE MO3BOJIWII BBISIBUTH CTATUCTHYECKU 3HAYMMBIX PA3IMUUN MEKIY MPOICHTHBIMU JIOJIIMUA MYX-
YUH M JKCHIIMH (Qoyn<QPyp, P<0,05) B rpynmax c BBHICOKUMH ypOBHSIMHU HOTpeOieHus. B obGenx
TCHJICPHBIX T'PYNIaxX BEAYIIMMH HCTOYHUKAMH JIMKOTIMHA SIBIISJINCH CBEKHE TOMAThI, KETUYN U
ToMaTtcojepxaiiue 6ro1a (JiazaHbs, acta), u npoaykuus dacrdyna (mumma, conasuun). OneHka
PE3yNbTaTOB YaCTOTHOI'O METOJAA CBUAETEILCTBYET, YTO Yallle APYTUX UCTOUYHUKOB B €XKEHEENb-
HOM pPAaIMOHE CTYJICHTOB, HE3aBUCUMO OT TI0JIa, TPUCYTCTBOBAIIM CBE)KHE TOMATHI, KETUYIT M CIH-
nBu4H. B xone aHanmm3a ypoBHEH MOCTYIUICHHs JIMKOMHMHA Y CTYIEHTOB 1-TO U 5-TO KypcoB He
BBISBJICHBI CTaTUCTUYECKM 3HAUMMBbIE Pa3IM4Us BO BCEX TIpyNmax HOTPEONCHUST (QPoun<Pyp,
p<0,05), kpome rpynmsl ¢ MOCTyIUIEHUEM JHKonuHa B kKosmdecTBe 50,0-74,9% oT pekomeHaye-
MOTO0, B KOTOPOU MPeoOIaatoT CTYASHTH 5 Kypca. MICTOYHMKN JIHKOMHWHA y CTYACHTOB Pa3HBIX
BO3PACTHBIX KAaTErOpUil Tak)Ke HE OTIMYAIUCh — OCHOBHOM BKJIaJl B 0OecreueHrne peKoMeHIyeMo-
T'O YPOBHS BHOCHUJIM CBEKHUE TOMATHI, KETUYI U TOMATCOAepKallue MpoayKThl dactdyna. 3axaro-
yenue. Y 39,8% cTyneHToB Onarogapsi IpUCYTCTBHIO B PAlIMOHE CBEXXHX TOMATOB, KETUyMa U TO-
MaTcoJiepKaluX MpoayKToB (acTdyna OblT TOCTUTHYT PEKOMEHAYEMBIN CYTOUHBIH YPOBEHb TO-
cTymienus jgukonuHa. [Ipu sTom, B pannone 29,6% pecrioHIEHTOB OTCYTCTBOBAIIM PETUCTPUPYE-
Mbl€ HCTOYHHUKH JIMKOMHUHA, a 16,7% OMpOIIeHHbIX BKIIOYAIU UX B PAIIMOH B HEJJOCTATOYHOM KO-
JUYECTBE, TEM CaMbIM OOecIieYrBas €ro MOCTYIUICHHE B 00beMe MEHEee MOJIOBUHBI OT PEKOMEH-
JyeMoro ypoBHsl. Yaile Apyrux B eKeHEeAeNbHbIN PallMOH BKIIIOYAINCh CBEKHE TOMAThI, KETUYH U
ToMaTcojepkKaliue COHIABUYU. ApOy3, pPO30Bble U KpacHble TpeHmndpyThl, XypMa B palMoHaX
OOJIBIIMHCTBA YYACTHUKOB MCCIICIOBAHUS OTCYTCTBOBAIIH.

Knrwoueswvie cnoea: nesumamunuvie KapoOmuHouobl, JUKONUH, MOMAMbl, NUMAHUE CMYOeH-
Mo, AHMUOKCUOaHmHoe Oelicmeaue.
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STUDY OF CONSUMPTION FREQUENCY OF THE MAIN SOURCES
OF LYCOPENE AND ITS QUANTIFICATION IN STUDENTS’ DIET

E.V. Kirpichenkova, A.A. Korolev, G.G. Onishchenko, E.I. Nikitenko,
E.L. Denisova, R.N. Fetisov, E.S. Petrova, E.A. Fanda

I.M. Sechenov First Moscow State Medical University
(Sechenov University), Moscow, Russia

Aim. Comparative characteristics of the level of the dietary intake of lycopene and analysis
of the frequency of inclusion of the main sources of lycopene in the diet of students of different
age and sex. Materials and Methods. To study the frequency of inclusion of food sources of lyco-
pene in the diet and its quantitative assessment, specially designed questionnaires were used that
included products with a significant content of lycopene. Results. Comparative analysis of the le-
vels of lycopene did not reveal any reliable differences between the percentages of men and wom-
en (Qemp<@cr, P<0.05) in the groups with high level of intake. In all gender groups, the leading
sources of lycopene were fresh tomatoes, ketchup and tomato-containing fast food products (piz-
za, lasagna, paste and sandwiches). Evaluation of the results of the frequency method shows that
more common sources of lycopene in the weekly diet of students, regardless of gender, are fresh
tomatoes, ketchup and sandwiches. Analysis of the levels of intake of lycopene by the 1% and 5"
year students did not reveal any reliable differences in all groups of consumption (Qemp<Qcr,
p<0.05), except for the group with the intake of lycopene in the amount of 50.0-74.9% of the rec-
ommended, where the 5™ year students predominated. Sources of lycopene in students of different
age groups did not differ — the main contribution to the recommended level was made by fresh
tomatoes, ketchup and tomato-containing fast food products. Conclusion. In 39.8% of students,
due to the presence in the diet of fresh tomatoes, ketchup and tomato-containing fast food prod-
ucts, the recommended daily intake of lycopene was achieved. At the same time, 29.6% of res-
pondents had no registered sources of lycopene in their diet; and 16.7% of the respondents in-
cluded them in the diet in an insufficient amount, thereby ensuring the intake of lycopene in the
amount of less than half of the recommended level. The weekly diet most commonly included
fresh tomatoes, ketchup and tomato sandwiches. Watermelon, pink and red grapefruit, persimmon
were absent in the diets of the most of participants.

Keywords: non-vitamin carotenoids, lycopene, tomatoes, students’ nutrition, antioxidant effect.

Lycopene is a pigment of natural origin, in influence on the microviscosity and other
belonging to the class of carotenoids. Lyco- properties of biomembranes [2].
pene is a non-cyclic isomer of B-carotene [1]. In plants, lycopene mainly exists in the
At the same time, lycopene is not a precursor form of TRANS-isomers, which when heated
to vitamin A, and refers to non-vitamin caro- undergo isomerization to form CIS-isomers.
tenoids. The presence of additional conju- CIS-isomers of lycopene have high bioavaila-
gated double bonds in the molecule enhances bility, due to their ability to be emulsified by
its pronounced antioxidant effect compared to bile acids. When consumed in combination
other carotenoids. This effect consists in inac- with fats, the absorption of lycopene in the
tivation of singlet oxygen and OH-radical and intestine increases. In the organism, this pig-
in breakage of free radical oxidation chains, ment is concentrated in the adrenal glands,
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prostate, skin, liver, and kidneys [3].
Lycopene is not synthesized in a human
body and enters it only with food. It is found

in significant amounts in red tomatoes and
tomato-containing products, watermelon, pink
and red grapefruits, papaya (Tab. 1) [4].

Table 1
Content of Lycopene in Food Sources [4]

Ne Lycopene content
n/n Food source (mg)/llog g of product)
1. Sun-dried tomatoes 45.90

2 Tomatopaste 28.76

3 Tomatosauce 13.90

4, Ketchup 12.06

5. Tomato juice 9.04

6 Guavas 5.20

7 Watermelon 4,53

8. Lasagna 3.19

9. Red canned tomatoes 2.64

10. Red fresh tomatoes 2.57

11. Pizza 1.90

12, Papayas 1.83

13. Grapefruit 1.14

14, Sandwiches 0.99

15. Persimmons 0.16

In France and UK the main sources of
lycopene are fresh and canned tomatoes and
pizza, in Ireland — canned tomatoes, tomato
soups and pizza, in the Netherlands — tomato
soups, fresh tomatoes and pizza, in Italy —
fresh and cooked tomatoes and pizza, in the
USA - pasta, fresh tomatoes, tomato juice,
salsa and chili sauces [5].

Mechanical and thermal treatment of to-
matoes significantly increases the bioavailabili-
ty of lycopene. This is confirmed by the fact
that the concentration of lycopene in plasma
after consumption of tomato paste is much
higher compared to that after entry of a similar
amount of lycopene with fresh tomatoes [6,7].

Studies confirm the link between toma-
to consumption and reduction in the risk of
chronic diseases: the inverse relationship ex-
ists between the concentration of lycopene in
tissues and plasma and the risk of cancer
(prostate cancer, oral cancer and pharynx
cancer) and of cardiovascular disease [8-10].

The recommended daily intake of lyco-
pene in Russia is 5 mg [11].

Aim of study is comparative characteris-
tics of the level of the dietary intake of lyco-

pene and assessment of the frequency of in-

clusion of the main sources of lycopene in the

diet of students of different age and gender.
Materials and Methods

To estimate the amount of lycopene
contained in the diet, specially designed ques-
tionnaires were used. The first questionnaire
included products with a high content of ly-
copene, which are widely used in the food
market of Moscow: tomato juice, fresh red
tomatoes, canned red tomatoes, ketchup and
tomato sauces, tomato paste in the first dish-
es, tomato-containing fast food products (piz-
za, lasagna, pasta, sandwiches), canned fish in
tomato sauce, tomato-containing canned veg-
etables, pink and red grapefruit, grapefruit
juice, watermelon, persimmon. The guestion-
naire suggested indication of the amount of
consumption of sources of lycopene on the
day prior to the survey, within the frames of
the 24-hour recall method.

The second questionnaire was designed
to assess the frequency of inclusion of lyco-
pene sources in the diet. It indicated informa-
tion on the periodicity of consumption of var-
ious sources of lycopene (weekly — 6-7 times
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a week, 3-5 times a week, 1-2 times a week;
monthly — 1-5 times a month; rarely — once in
2-3 months, lack in the diet) and on the quan-
tity of one-time intake of each source [12].

In total, 294 students at the age of 17-28
(21.1£2.0) years of Sechenov University took
part in the survey. For comparative analysis
by gender criterion, 122 students aged 20-28
(21.9+1.1) years, 88 women aged 20-28
(21.9£1.1) years and 34 men aged 20-25
(21.9+1.0) years were selected. The survey
was conducted in September-October 2017
(autumn period).

For assessment by age criterion, 172
students were divided in two groups of com-
parison. The first group of comparison — 87
1% year students aged 17-27 (18.6+1.3) years;
the second group — 85 5" year students aged
21-27 (22.4+1.2) years. The survey was con-
ducted in March-April 2016 (spring period).

Statistical processing was performed us-
ing Microsoft Excel 2007. The significance of
differences between percentages of age and
gender samples was determined by Fisher's
angular transformation criterion.

50

Results and Discussion

Analysis of the data obtained in the au-
tumn period using the 24-hour recall method
showed that the recommended daily level (5
mg/day or more) of lycopene intake was rec-
orded in 53 students (43.4%). Intake of lyco-
pene in the amount of 75.0-99.9% of the rec-
ommended was noted in 7 students (5.7%); in
the amount of 50.0-74.9% of the recommend-
ed — in 11 students (9.0%). Intake of lycopene
at the level of 25.0-49.9% of the recommend-
ed was recorded in 14 participants of the
study (11.5%). An extremely low level of ly-
copene consumption (less than 24.9% of the
recommended) was observed in 5 students
(4.1%). 32 Respondents (26.3%) had no reg-
istered sources of lycopene in their diet.

Comparative analysis of the levels of
lycopene did not reveal any reliable differ-
ences between the percentages of men and
women (QPemp<ecr, P<0.05) in all groups with
high levels of intake, except for the group re-
ceiving lycopene in the amount less than
24.9% of the recommended (Fig. 1).

50 1

45

40

35 1

30 1

25 1

20 1

15 1

10 1

Percentage of students in comparison groups

100% and more 75.0-99.9% 50.0-74.9%

25.0-49.9% less 24.9% absence

BFemale (n=88)

OMale (n=34)

Fig. 1. Distribution of the level of lycopene intake in the analyzed group of students
Note: * — statistically significant differences with males in the given age group (p<0.05)
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Analysis of the sources of lycopene in
the diet of students showed that, regardless of
gender, the leading sources of lycopene in the
group with a high level of consumption were
red fresh tomatoes, ketchup and tomato-

containing products (pizza, lasagna, pasta and
tomato-containing sandwiches). Such sources
rich in lycopene as pink and red grapefruits,
watermelons, persimmons, were much less
common (Tab. 2).

Table 2

Sources of Lycopene in Women and Men with Different Levels of Consumption

Consumption levels

Sources that make the greatest contribution to the intake of lycopene

(% of recommended level)

Female

Male

100 % and more

Fresh red tomatoes, ketchup, waterme-
lon, lasagna, pizza, fresh pink and red
grapefruits, tomato juice

Fresh red tomatoes, pizza, pasta,
ketchup, watermelon, tomato juice

75.0-99.9% Fresh red tomatoes, sandwiches Fresh red tomatoes, pizza
50.0-74.9% Fresh red tomatoes, pizza, sandwiches Fresh red tomatoes, ketchup
25.0-49.9% Fresh red tomatoes, sandwiches, Fresh red tomatoes, ketchup, sandwiches,

ketchup, tomato paste in the first dishes

tomato paste in the first dishes

Canned fish in tomato sauce, ketchup,

less than 24.9% -
tomato juice

No registered sources

A comparative assessment of the results
of survey of 122 students using the frequency
method showed that 74.9% of women and
73.6% of men included fresh tomatoes in the
weekly diet: 6-7 times a week — 6.8% of
women and 14.7% of men, 3-5 times a week
— 50% of women and 41.2% of men and 1-2
times a week — 18.1% of women and 17.7%
of men (p<0.05). Ketchup was present in the
weekly diet of 39.8% of women and 64.7% of
men (p>0.05), tomato paste in the first dishes
— of 12.6% of women and 20.6% of men
(p<0.05), sandwiches with tomatoes and to-
mato sauces — of 21.6% of women and 38.3%
of men (p>0.05). Pizza was included in the
diet from 1 to 5 times a month (38.9% of
women and 44% of men) (p<0.05).

Of note, 51.1% of women and 32.3% of
men (p>0.05) very rarely included pink and
red grapefruits in the diet (once in 2-3
months). Besides, a significant number of
respondents did not include in their diet such
sources of lycopene as tomato juice (52.3% of
women and 64.7% of men), grapefruit juice
(51.1% and 50%, respectively), canned red
tomatoes (46.6% and 55.9%, respectively),
canned fish in tomato sauce (57.9% and
64.7%, respectively) (p<0.05).

In analysis of the results, obtained in
the spring period in the survey of 172 stu-
dents using the 24-hour recall method, it was
found that 64 individuals (37.2%) reached
the recommended level of lycopene intake.
Here, consumption of lycopene in the
amount of 75.0-99.9% of the recommended
level was observed in 9 students (5.2%),
50.0-74.9% of the recommended level — in
14 students (8.1%). 23 Individuals (13.4%)
received from food 25.0-49.9% of the rec-
ommended amount of lycopene, and 7 stu-
dents (4.1%) — less than 24.9% of the rec-
ommended amount of lycopene.

There were no registered sources of ly-
copene in the diet of 55 respondents
(32.0%). The main sources of lycopene in all
groups were red fresh tomatoes, ketchup and
tomato-containing fast food products (pizza,
pasta, sandwiches). Intake of canned fish in
tomato sauce, persimmon, tomato paste in
the soup did not make a significant contribu-
tion to the recommended daily level of lyco-
pene, due to the inclusion of these sources in
the diet occasionally and in insufficient
quantities (Tab. 3).

Comparative analysis of the levels of
lycopene intake in students of the 1% and 2"
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groups of comparison did not reveal any sta-
tistically significant differences in all groups
of consumption (Qemp<Qcr, P<0.05), except for
the group with the intake of lycopene in the

amount of 50.0-74.9% of the recommended
level. In this group 5™ year students predomi-
nated (Qemp™>@er, P<0.05) (Fig. 2).

Table 3

Main Sources of Lycopene in Students’ Diet Determined by Results of 24-Hour Recall Method

Consumption levels
(% of recommended level)

Sources that make the main contribution to the intake of lycopene

100% and more

Fresh red tomatoes, ketchup, pasta, lasagna, pizza, canned red tomatoes, fresh pink
and red grapefruits, grapefruit juice, tomato juice

75.0 - 99.9% Fresh red tomatoes, pasta, lasagna, sandwiches
50.0 - 74.9% Fresh red tomatoes, tomato juice, fresh pink and red grapefruits
25.0 - 49.9% Fresh red tomatoes, ketchup, pizza, sandwiches, tomato paste in the first dishes

less than 24.9%

Persimmons, ketchup, canned fish in tomato sauce, grapefruit juice

138 12.9

Percentage of students in comparison groups

100% and 75.0-99.9% 50.0-74.9%

25.0-49.9% less 24.9% absence

more

@ 1st year (n=87) DO5th year (n=85)

Fig. 2. Proportion of individuals with different levels of lycopene intake (1% and 5™ year students)
Note: * — statistically significant differences with the 5" year students (p<0.05)

Analysis of the sources of lycopene did
not reveal any significant differences between
students of the 1% and 5™ year in the spring
period. Fresh red tomatoes, ketchup and to-
mato-containing fast food products were the
main contributors to the recommended levels
in groups with high levels of lycopene.
Canned fish in tomato sauce, grapefruit juice
(the second group of comparison) and per-

simmon (the first group of comparison) were
the main sources of lycopene in the groups
with low level of lycopene intake. In addition,
a source of lycopene, such as watermelon, in
the spring period of observation was absent in
all groups of consumption, due to the seaso-
nality of the product.

According to the data obtained by the
frequency method, no significant age differ-
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ences were revealed in the frequency of in-
clusion of food sources of lycopene in the
diet (p<0.05). More than half of the respon-
dents, regardless of the age, most often in-
cluded fresh red tomatoes (75.8% — compar-
ison group 1, 75.3%-comparison group 2)
and ketchup (42.5% — group 1 and 41.2% —
group 2) in the weekly diet. With this, fresh
tomatoes were present 6-7 times a week in
the diet of 13.8% of students of the 1% com-
parison group and in the diet of 10.6% of
students of the 2" comparison group, 3-5
times a week- in 35.6% and 42.4% of stu-
dents, 1-2 times a week — in 26.4% and
22.3%, respectively. Ketchup was con-
sumed 6-7 times a week by 4.6% of respon-
dents of the 1*' comparison group and by
3.5% of students of the 2" comparison
group, 3-5 times a week — by 27.6% and
21.2% of respondents, 1-2 times a week —
by 10.3% and 16.5% of participants, respec-
tively. The diet of 21.2% of students of the
2" group of comparison was characterized
by weekly presence of tomato paste in the
first dishes (in the 1% group of comparison —
of 13.8% of students). Pasta was present in
the weekly diet of 12.6% of students of the
1% group of comparison and in 5.9% of stu-
dents of the 2™ group of comparison. Pizza
was included 1-5 times a month in the diet
of 43.7% of respondents of the 1% group of
comparison and of 44.7% of students of the
2" group. Additional sources of lycopene-
fresh pink and red grapefruits ((42.5%
(group 1) and 35.3% (group 2)) and water-
melon ((75.9% (group 1), and 72.9% (group
2)) were very rarely included in the diet
(once in 2-3 months). The majority of res-
pondents reported the absence of tomato
juice in the weekly and monthly diet (80.5%
— group 1, 80.0%-group 2), canned red to-
matoes (86.3% and 74.1%), grapefruit juice
(73.6% and 82.4%), canned fish in tomato
sauce (90.9% and 82.3%), tomato-
containing canned vegetables (82.7% and
70.6%), and persimmons (79.4% and
87.0%, respectively).

Thus, the obtained data agree with the
results of other observations [5,7,9] and, in

particular, confirm the priority of inclusion in

the diet of tomatoes and tomato-containing

products as the main sources of lycopene.
Conclusion

Intake of lycopene at the level corres-
ponding to the recommended (5 mg/day or
more) was recorded in 39.8% of students,
mainly due to the inclusion in the diet of red
fresh tomatoes, ketchup and tomato-
containing fast food products. Here, 29.6%
of respondents did not register sources of
lycopene in their diet; and 16.7% of respon-
dents included them in the diet in insufficient
amounts, thereby making the intake of lyco-
pene less than half of the recommended
amount.

There were no significant gender and
age differences in most levels of lycopene
intake from food sources. The exceptions
were the group with the level of intake
<24.9%, since among the interviewed men
there were no individuals with such level of
intake, while in women this figure was 5.7%,
and the group with the low level of intake
50.0-74.9%, in which the share of the 5"
year students reliably exceeded that of the 1%
year students. There were no statistically
significant gender and age differences in the
main sources and the frequency of their in-
clusion in the diet.

The more common sources in the week-
ly diet of students were fresh tomatoes, ket-
chup and tomato-containing sandwiches. Oth-
er lycopene-rich sources — watermelon, pink
and red grapefruits, persimmons — were ab-
sent in the diet of most participants.

To increase the dietary intake of lyco-
pene it would be reasonable, on the one
hand, to expand the weekly range of its food
sources, first of all, by inclusion of availa-
ble, but rarely used pink grapefruit (includ-
ing grapefruit juice), persimmon, waterme-
lon. On the other hand, it is necessary to
include fresh tomatoes and tomato-
containing dishes into the daily diet. Here,
preference should be given to tomato-
containing multicomponent salads and gar-
nishes, and not to high-calorie fast food and
products with high content of salt.
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