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THE RESEARCH OF THE AMOUNT OF HEAVY METALS AND NITROSO
COMPOUNDS IN CONCENTRATED TOMATO PRODUCTS

V.V. Shutyuk, Ph.D., associate professor

S.M. Vasilenko, PhD, professor

A.S. Bessarab, Ph.D., professor, E-mail: a_bessarab@i.ua

0O.V. Benderska, postgraduate, E-mail: olga_benderska@ukr.net

National University of Food Technologies, Kyiv-33, Volodymyrska str.68, Ukraine, 01601,

Abstract. The constant selling race results in need for improving the quality of nutrition products among in-house food
and pharmaceutical processing industries, which is an all-important key to success on the consumer market. This requires
constant improvement of the product producing technologies. The topical problem of quality is the presence of heavy metals
and nitroso compounds in the products. The research aimed at studying the changes in the heavy metal concentration levels
(including Zn, Cu, Pb) in tomato products at their thickening has been conducted at the national University of Food
Technologies. On the basis of the received results the relationship between the lead, copper, zinc, nitrosocompounds and the
solid substances’ amount has been established. The conducted research allowed us to ascertain the fact that the amount of
heavy metals and nitroso compounds in raw materials for the concentrated tomato products to be ofhigh quality must not
exceed the values of 18 — 35 % of the limiting concentration.

Key words: nitrates, contaminants, food safety, quality, fruits and vegetables.

JOCJIIIKEHHSA BMICTY BAKKHUX METAJIIB I HITPO30CIIOJIYK B
KOHHEHTPOBAHUX TOMATOIIPOAYKTAX
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HanionansHuii yHIBepcUTET Xap4oBHX TeXHOJIOTIH, M. KuiB-33, Byn. Bonoxumupceska, 68, Ykpaina, 01601

Amnorauisi. [Tocriiina 6opoTthba 3a pHHKHM 30yTy MPOAYKLIi BUMAarae BiJ BITYM3HIHUX MiAPUEMCTB Xap4yoBOi Ta mepe-
POOHOT MPOMHUCIIOBOCTI ITi/IBUILYBAaTH SKICTh XapUOBHX MPOAYKTIB — HEBiZ’€EMHY CKJIAJ0BY iXHBOIO YCHiXy Ha CIIOXKHBUOMY
puHKy. g 11poro HeoOXiTHO MOCTIHHO BJOCKOHAIIOBATH TEXHOJOTiI0 BUPOOHHUITBA MPOAYKTiB. Haa3BHuaifHO akTyaiabHOO
MPoOIEMOIO SIKOCTI € HAsBHICTh B MPOAYKTAX XapuyBaHHS BaXKKUX METAJIB 1 HiTpo3ocmonyk. Y HarioHanrsHOMY yHIBEpCUTETI
Xap4YOBHMX TEXHOJIOTiH MPOBEAEHI TOCTIIKEHHS 110 BUBUCHHIO 3MIHM KOHIIEHTpanii Baxkux MetaniB (Zn, Cu, Pb) i nHiTposoc-
MIOJTYK B TOMATONIPOAYKTaxX IPH iX KOHLEHTpyBaHHI. Ha 0CHOBI OTpHMaHUX pe3yNbTaTiB BCTAHOBIEHO 3AJISKHOCTI 3MIHN KOH-
LICHTpaIlii CBUHIIIO, Mili, IUHKY 1 HITPO30CHOIYK BiJl BMICTYy CyXHX pedoBHH. [IpOBEICHI TOCHIKECHHS TO3BOJIMIA BCTAHOBH-
TH, IO JJIs1 OTPUMAHHS SIKICHAX KOHIIEHTPOBAaHMX TOMATONPOAYKTIB BMIiCT B&KKUX METAJIB 1 HITPATIiB y CHPOBHHI HE MOBUHCH
nepesuiyBat 18 — 35 % rpaHu4HO JOIyCTHMOT KOHLICHTpALIi.

KurouoBi ciioBa: HiTpaTn, KOHTaMiHaHTH, IPOZOBOJIbYA Oe3IeKa, SIKiCTh, MJIOAU Ta OBOYI.

Copyright © 2015 by author and the journal “Food Science and Technology”.

This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0
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considerably increases at the increase of dry substanc-

es. In addition, the structural changes in products take
place under the influence of high temperature — new
compounds are being formed, including nitrosamines
(NA). one of the most dangerous cancerogenes is N-
nitrosodimethylamine (NDMA), which is formed at the
nitrosation of the amino gen groups under the tempera-

The chemical pollution, which drastically
increases every year, affects all the media — water, air,
ground — creating completely new conditions for
living, differing from those plants, animals and humans
were adapted to throughout millenia [1]. This fact

gives rise to concerns. A variety of data indicates that
the ecological factor substantially influences the ele-
ment chemical content of plants and the products of
their processing. The greatest danger is presented by
the absorption of a range of toxic elements, including
heavy metals, by plants [2,3].

During the production process of the concentrat-
ed tomato products the amount of heavy metals in them

Xap4oBa HayKa 1 TEXHOJIOTIs 56

ture influence [4-6]. This is a potent cancer-causing
chemical, included by the International Agency for Re-
search on Cancer along with another nitroso com-
pounds to a group of compounds described as definite-
ly cancerogenic to humans. The lack of profound re-
search of the concentration level changes of heavy
metals, nitrates, NA and NDMA at tomato compounds’
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thickening resulted in the need for careful studying of
these processes.

Literature review

The extraordinary problem of production of
quality foodstuffs is that they have various harmful
substances, heavy metals and radionuclides. As a rule,
the harmful impurities in small concentrations remain
out of attention. The most dangerous things for human
health are cancerogenic substances which contained in
negligible concentrations in foodstuffs and cause ma-
lignant formations in organism [5]. Their content in
products can be identified by only a few laboratories in
Ukraine. One of the most dangerous carcinogen is N -
nitrozodymetylamin wich is formed during formation
amine groups under the influence of temperature. Ni-
trates are normal products of metabolism of nitroge-
nous substances for any plant and animal organism, so
there are not any products «without nitrates» in nature.
The acceptable daily dose of nitrates for an adult is
325 mg per day. Maximum allowable concentrations of
nitrates are defined for vegetables and fruits [2]. Ni-
trosamines are formed during production of many
foodstuffs. Thus, they are contained in a large number
in different beverages (juice, beer and Scottish whis-
key), foodstuffs (dairy products, smoked products,
pates, fruit and fruit and vegetable puree), cosmetics,
cigarettes. They are mainly formed during thermal pro-
cessing of foodstuffs — extraction, concentration, dry-
ing, etc. Nitrate content in canned products of plant
origin is, mg/kg: vegetable juice — no more than 70 —
340, vegetable puree — to 160, canned vegetables — 50,
fruit and vegetables canned 200. Maximum allowable
concentrations of nitrates in dry dairy mixtures is
30 mg/kg in most European countries. The concentra-
tion of N-nitrozodymetylaminu in most sorts of beer is
40 — 70 pg/kg, the main part is accumulated during
production of malt (N content — nitrozodymetylaminu
in brewery malt is 300 pg/kg). The average N con-
tent — nitrozodymetylaminu in most varieties of cheese
is 0,9 pg/kg, but in some areas it reaches to
9,1 ng/kg [7-8,10].

The purpose of research is identifying the

concentrated tomato products. Attracting attention to
the problem of increasing pollution of plant products
and the products of their processing. Giving practical
recommendation as for the ways of decreasing the
heavy metals’ and nitrates’ concentration levels at the
stage of producing the concentrated tomato products.

The main part

Materials and methods. The tomatoes of the
Lampo F1 sort served as the material of the research,
which are used for processing totomato paste, juice and
other tomato products with the high dry substance con-
tent (5,6 — 6,3 %), and are well adapted to all the areas
of industrial tomato cultivation.

For tomato product concentration the labora-
tory vacuum rotary evaporator IKA RV 10 digital V
was used. The heavy metal concentration (Zn, Cu,
Pb) was measured using the atomic absorption spec-
troscopy method based on the procedure of the All
Union State Standard 26929-94 «Raw materials and
nutritive products. Sample preparation. Mineraliza-
tion for identification of the amount of toxic ele-
ments». The amount of nitrates in tomato products
was define don’t he basis of the National Standards
of Ukraine 4948:2008 «Fruits, vegetables and the
products of their processing. Methods of measuring
the nitrate content». The identification of the amount
of N-nitrosamines was conducted according to the
methodological guide linesan dinspection methods
of MG4.4.1.011-93 «Measuring the volatile N-
nitrosamines in the food raw materials and nutritive
products ». (Approved by the State Committee on
Sanitary and Epidemiology Surveillance (SCSES) of
the Russian Federation on 22.12.1993).

Results. The research conducted in the Na-
tional University of Food Technologies has shown
that the amount of heavy metals in the concentrated
tomato products linearly depends on the amount of
dry substance (Table 1) and is described through the
relation of y = a + b*. The received experimental da-
ta have been processed with the help of the regres-
sion empirical series based on the least squares prin-
ciple [5,7-8].

amount of heavy metals and nitrates in the
Table 1 — The amount of heavy metals in tomato products, mg/kg
Metal The concentration level of tomato dry substances, %
5,6 6,3 15,0 20,0 28,5
Lead (Pb) 0,086 0,928 0,266 0,293 0,432
Copper (Cu) 0,908 1,869 3,870 5,020 6,575
Zinc (Zn) 2,107 2,415 4,826 6,901 8,985

As a result of the mathematical calculations co-
efficients and bof the relations concerning the amount
of heavy metals in the concentrated tomato products
(Graph 1) were defined. We have come to a conclusion
that there lation ship between the lead concentration in
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tomato products and the dry substance amount is real-
ized through the formula:

Cpy = 0,006 + 0,016 m, mg/kg, (1
in which m is the dry substance concentration, %.
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Graph. 1.There lation between the values of the
heavy metal concentration (Pb, Zn, Cu,)
and the tomato product concentration

The copper amount depending on the dry sub-
stance concentration is expressed through the expres-
sion:

Cc, = 0,42 + 0,23 m, mglkg )

In order to define the relation between the zinc
concentration and the dry substance content the follow-
ing equation is used:

Cz, = 0,01 + 0,35 m, mg/kg 3)

The careful consideration of the results of the
conducted experiments indicates that at the in crease in
dry substance on concentration as well as regular con-
centration by 6,33 times (the dry substance percentage
in the un processed producte quals 5,6 — 6,3, in the
concentrate it amounts to 28,5), the lead, copper and
zinc concentration rises by 6,5 — 7,5 times.

The Sanitary Rules and Regulations 43-123-
4089-86 have similar requirements concerning the
maximum allowable concentration of heavy metals an
darsenic in vegetables and vegetable canned goods in-
cluding concentrated tomato products. Thus, we cannot
eliminate the possibility that at the evaporation of to-
mato juice, the amount of heavy metals and arsenic in
which equals 0,18 — 0,25 of their maximum allowable
concentration or higher, the received tomato paste may
have the amount of heavy metals and arsenic which
exceeds the maximum allowable concentration, not sat-
isfying the requirements of the Sanitary Rules and
Regulations 43-123-4089-86. The given conclusion is
proven by the results of the conducted experiments,
when at the maximum allowable concentration of cop-
per amounting to 5 mg/kg and its amount in the origi-
nal material qualing 0,9 mg/kg, its concentration in
creased up to 6,6 mg/kg, i.e.it exceeded the maximum
allowable concentration value.

So, in order to receive the concentrated tomato prod-
ucts the amount of heavy metals and arsenic in which defi-
nitely won’t exceed the maximum allowable concentration
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value, the requirements to the amount of these elements in
the unprocessed materials have to be toughened. This value
should not exceed (0,15 — 0,18) of the maximum allowable
concentration established by the Sanitary Rules and Regula-
tions 43-123-4089-86.

In the process of conserving and concentrating
the juice under the temperature influence undergo the
structural changes — new compounds, including nitros-
amines, are formed. Particularly, fresh tomato juice
contains 45 mg/kg of amino acids, whereas the con-
served juice includes only 337 mg/kg of these chemical
compounds (Table 2). That is why while designing the
new equipment for production of the concentrated veg-
etable juice we have studied the mechanisms of
NDMA formation.

Table 2 The amount of amino acids, mg/100 g of
fresh and processed juice

Amino acid Fresh juice Canned juice
Asparaginic acid 5,5 51,6
Threonine 1,0 9,0
Serine 2,3 12,7
Glutamic acid 21,9 212,5
Phenylalanine 1,4 10,8
Lysine 0,9 5,1
Histidine 0,9 7,5
Other 11,2 28,4
Total amount 45,1 337,6

The graphical relations between the amount of
nitrates, NDMA and the amount of dry substance in
tomato products received as the result of the research is
displayed on the graph 2. The mathematical model of
nitrate concentration in the concentrated tomato prod-
ucts has been defined in the form of the expression
y =ax”. Such a kind of relations has been chosen, since
at lengthy heating during the concentration process one
part of the nitrates dissolves, while the other is extract-
ed from the concentrated product in the form of vola-
tile compounds [7,9].

After the regression coefficient calculation the
following equation was received:

Cy = 23,78 m0,3523, mg/kg 4

The increase in the nitrate concentration during
the concentration process is not as drastic as the in-
crease in metal concentration and in our case amounts
to 2,66 times. The received results indicate that it is
advisable to use tomato juice containing the amount of
nitrates not exceeding 0,3 — 0,35 of their maximum al-
lowable concentration for tomato paste production.

The amount of NDMA depending on the dry
substance concentration is described through this ex-
pression:

Cy=6,25-10-3 m2,2667, mg/kg, 5)

It was established that the intensity of the

NDMA accumulation during the tomato juice concen-
tration rises at the increase of the amount of dry sub-
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stance in the concentrate, which indicates nitrosation of
amines and amides.Nitrates and the products of their
processing also undergo nitrosation. The sharp increase
in the NDMA formation at the end of the concentration
process is explained by the fact that only secondary
amines arestable. Thus, the amount of NDMA in the
concentrated tomato products exceeds 120 mcg/kg.
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Graph 2.The relation between the nitrate and
N-nitrosodimethylamine concentration and the
tomatoproducts’ concentration degree.

Referencematerials:

Conclusion

The research of the heavy metal content during to-
mato product concentration in the vacuum laboratory evapo-
rator allowed us to conclude that at the dry substance con-
centration in the product amounting up to 28 % the heavy
metal concentration rises by 6,5 — 7,5 times and exceeds the
maximum allowable concentration.

On the basis of the received results linear rela-
tions between the changes of concentration values in
lead, copper, zinc and the dry substance content have
been established.

We have also found that the nitrate concentra-
tion depends on the dry substance concentration [10].
The relation indicates that the increase in the nitrate
amount is not as drastic as the rise of dry substance
concentration. The received relation proves the find-
ings of a number of researchers who claimed that the
nitrate concentration plummets during the heat treat-
ment of the product due to their dissolving as well as
that these substances are extracted with the volatile
compounds.

The conducted research allowed us to come to a
conclusion that in order to receive concentrated tomato
products, the amount of heavy metals and nitrates in
which does not exceed the maximum allowable con-
centration, it is obligatory for the heavy metal content
in the unprocessed material (tomato juice) not to ex-
ceed (0,18 — 0,25) of the maximum allowable concen-
tration, whereas the amount of nitrates should be lower
than (0,3 — 0,35) of their maximum allowable concen-
tration.
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AnHoTauus. ITocrosHHas 60pbrba 3a PeIHKK COBITA MPOAYKIUH TPEOYET OT OTEYESCTBEHHBIX NMPEANPUATHH MHUILCBONH U
nepepabaThIBalONIEeH MPOMBIIIICHHOCTH IOBBIIIATH KaYeCTBO MMILEBBIX MPOLYKTOB — HEOTHEMIIEMYIO COCTABHYIO HX yclexa
Ha NOTPEOUTENBECKOM pBIHKE. [t 3TOro HE0OXOAMMO MOCTOSIHHO YCOBEPIICHCTBOBATH TEXHOJIOTHIO IPOU3BOACTBA HMPOTYK-
TOB. Upe3BbIUaifHO aKTyalbHOU MpOOIeMOli KauecTBa SBISIETCS HAIMYKME B IIPOIYKTaX MHUTAHUS TSDKEJBIX METAIIOB M HUTPO-
3ocoenuHennid. B HanmoHanbHOM yHUBEpCUTETE MHUIIEBBIX TEXHOIOTHH MPOBE/ICHBI UCCIESIOBAHUS 10 U3YYECHHIO N3MEHEHUS
KOHLIEHTPALUH TsDKeNbIX MeTawioB (Zn, Cu, Pb) 1 HUTpO30COEMHEHNH B TOMATONPOIYKTax MpU MX crynieHud. Ha ocHoBe
TOJIY4YEHHBIX PE3yJIbTaTOB YCTAHOBJICHBI 3aBUCUMOCTH W3MEHEHUsSI KOHLICHTPALMU CBHMHLA, MEIH, LIHHKA U HUTPO30COCANHE-
HHUI OT COAEP)KaHHs CyXHX BellecTB. [IpoBeeHHBIC HCCIESIOBAHUS HO3BOIMIN YCTAHOBUTD, YTO JUIS MOJMYYeHHUsS Ka4eCTBEH-
HBIX KOHLIEHTPHPOBAHHBIX TOMATONPOLYKTOB COJACPIKAHUE TSHKEJIBIX METAJUIOB U HHTPATOB B ChIPhE HE JOJDKHO MPEBBILIATH
18 — 35 % mpenenbHO JOMyCTUMON KOHIIEHTPALHN.

KnrodeBble c10Ba: HUTPATHI, KOHTAMHHAHTHI, IPOTOBOJILCTBEHHAsT 0€3011aCHOCTh, KAUECTBO, IUTO/IBI U OBOIIL.
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