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Abstract

Today, the search for the most optimal modes of storage and processing of fresh plant products, which reduce the
content of nitrates in food, remains relevant. In this work, the possibility of using natural sorbents of different
nature to reduce the content of nitrates in fresh vegetable juices was studie. The juice was separated from the
sorbent by filtration and the filtrate was analyzed for nitrate content by the ionometric method on a pH meter-
ionometer "Expert-001". The sorption activity of sorbents was calculated according to the indicators of the total
binding index (R, %) and distribution coefficient (D), sorption isotherms were constructed and their
thermodynamic parameters were determined. The objects of the study were fresh vegetable juices; dispersed
mineral bentonite, gelatin and synthetic flocculant polyoxyethylene were used as sorbents. Determination of the
total binding index (R, %) and the sorbents’ distribution coefficient (D) of nitrates from juices showed that the use
of sorbents reduces the nitrate content by an average of 1.2-1.9 times. The maximum sorption activity at 3 hours of
contact with the juice occurred with bentonite (total nitrate binding 16.1%; distribution coefficient 19.0), the
minimum - with the synthetic sorbent polyoxyethylene (total binding 5.5%; distribution coefficient 5.8). It is
established that the experimental production of Langmuir adsorption isotherms and the calculation of
thermodynamic properties of sorption allow tp optimize the choice of sorbents to reduce nitrate contamination of
fresh vegetable juices. The most effective sorbents for reducing the content of nitrates in natural juices are
bentonite and gelatin. The given conditions of processing natural juices by sorbents can be recommended for
prevention of nitrate pollution of natural juices at their production.
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AHoTariqa

Ha cborogHimHii AeHb aKTyaJIbHMM 3a/IMIIAETHCA NOLIYK ONTUMAJIbHUX pPeXUMiB 30epiraHHs i nepepo6KH CBixoi
pOoCJIMHHOI NpoAyKuii, AKi 3a6e3ne4yl0Th 3HWKEHHA BMICTy HITpaTiB y NpoAyKTaxX xapyyBaHHsA. B gaHiil po6oTi
BHMBYaJlach MOXKJIMBICTh BUKOPUCTAHHS NPUPOAHMX COPGEHTIB Pi3HOI NpUPOAM J1A 3HWKEHHS BMICTy HiTpaTiB y
CBI>KMX O0BOYeBMX cOKax. lllisixomM ¢isibTpyBaHHA BiAAIIAAM CiK BiJ, cOpGeHTy Ta aHaji3yBaau ¢ijbTpaT Ha BMicT
HiTpaTiB ioHOMeTpUYHUM MeToAOM Ha pH-MmeTpi-ioHOMipi «EkcnepT-001». Cop6uLiliHy aKTHUBHICTb COpGEHTIB
po3paxoByBa/iM 3a MOKa3HUKaMM 3arajibHoro 3B’s3yBaHHA (R, %) Ta koedinienTa po3nojginenns (D), 6yayBaau
i3oTepMM cop6uii Ta BU3Hava/aM iX TepMoJAMHaMiyHi mapameTpu. 06’€eKTaMu AOCIiJKeHHs GyJu: cBiXki oBoueBi
COKM; B SIKOCTi COpPGeHTIiB BUKOPHCTOBYBa/IM JucnepcHuili MiHepan 6GeHToHiT (BEH), xkenatuny (KEJI) Ta
CUHTETMYHUH (IoKyAaHT nosiokcuetrwieH (IIOE). BusHaueHHs NMOKa3HMKa 3arajbHoro 3p’sisyBaHHs (R, %) Ta
KoedinieHTa po3nojisieHHs (D) HiTpaTiB i3 COKiB cOp6eHTaMHU NOKa3aJiy, 1110 BUKOPUCTAHHS COPGEHTIB NPU3BOJUTDH
A0 3MeHIIeHHs BMicTy HiTpaTiB y cepegHboMy B 1.2-1.9 pa3y. MakcuMmaJjbHy COpPOLiiHY aKTHMBHICTb mpu 3
roJMHHOMY KOHTAaKTi 3 COKOM MaB GEHTOHIT (3arajibHe 3B'A3yBaHHA HiTpaTiB 16.1 %; KoedinieHT po3noaineHHA
19.0), miHiMa/IbHYy - CHHTETUYHMHA COpGEHT moJiOKCHeTH/IeH (3arajibHe 3B'sA3yBaHHA 5.5 %; KoedinmieHT
po3nojiseHHs 5.8). BcraHoBJIeHO, 110 eKCIepUMeHTa/IbHe OJep KaHHA i30TepM cop6uii J/laHrMopa Ta po3paxyHOK
TepMOJAMHaMiYHMX NMOKAa3HUKIB cop6Lii A03B0JIsA€ ONTHUMi3yBaTH BUGIp COpGeHTIB JJiA 3MeHIIeHHsS HiTpaTHOro
3a6pyAHeHHs CBXKHX OBOYeBHUX COKiB. Hali6inbm epeKTUBHUMHU cOpGeHTaMM AJIs1 3HMKEHHA BMICTy HiTpaTiB y
HaTypa/IbHUX COKaX € GEHTOHIT Ta »KesilaTuHA. HaBeJeHi yMOBHM 0GpOGKH HaTypa/IbHUX COKIB COpGEHTaMH MO>KHa
peKoMeHAyBaTH AJis1 NPOoQiTaKTUKMU HITPAaTHOTO 3a6pyAHEHHS HATYPaJbHHUX COKIiB IpH iX BUPOGHULTBI.

Karouosi cnosa: oBo4yeBi cOKY; HiTpaTHe 3a6pyAHEHHS; COPOEHT; TePMOJAUHAMIYHI IOKa3HUKH; COPOLis.
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AHHoTanuga

Ha ceroaHAIIHUIA AeHb OCTaeTcA aKTya/IbHBIM MOMCK ONTHMAaJIbHBIX PeKUMOB XpaHEHUs U NepepaGoTKH CBeKel
pacTUTeJIbHON NPOAYKLHMH, KOTOPble 06ecie4yuBal0T CHIKEHUE COJepKaHUs HUTPATOB B NPOJYKTaX NUTaHMA. B
JAAHHOM pa6oTe U3y4ajach BO3MOKHOCTb UCII0/Ib30BaHUA NPHPOAHBIX COPGEHTOB Pa3HON NPUPOABI AJIS CHUKEHUS
co/iep>KaHUA HUTPATOB B CBEXKUX OBOILHBIX COKaX. PU/IbTpOBaHHMEM OT/e/ AU COK OT COPOEHTa U aHa/IM3UPOBaIU
duibTpaT Ha cojep:kaHHMe HHUTPATOB HOHOMETPUYECKHUM MeTOAOM Ha pH-meTpe-moHoMepe «3IkcmepT-001».
COpOLIMOHHYI0 aKTHBHOCTh COPGEHTOB pacCYUTBHIBAJIM IO TMOKasaTeJadaM o6uero ceaA3biBaHMA (R, %) wu
Ko3ppunuentra pacnpegeseHus (D), crpouwnu u30TepMbl COpPOLMHM M omNpejesisd HX TepMOAMHAMUYeCKHe
napaMeTpsl. 060'beKTaMH MCCJIeJ0BAHUA ABJISIJINCh: CBe)KMe OBOLIHbIE COKHU; B Ka4eCTBe COPOEHTOB MCIO0/Ib30BaIN
AucnepcHbii MuHepaa 6eHTOHUT (BIH), xkenatuny (MKEJI) m cuHTeTHYecKuil QIOKYJIAHT NoauoKcusTHiIeH (1103).
OnpepesieHne nokKa3saTesis o6mero cesasbiBanud (R, %) u koapdunuenra pacnpeaenenus (D) HUTPATOB U3 COKOB
cop6eHTaMM NOKa3a/¥, YTO MCIO0JIb30BaHME COPGEHTOB NPHBOJMT K YMEHBIIEHHI0 COAep:KaHUA HHUTPATOB B
cpegHeM B 1.2-1.9 pasa. MakcMMaJIbHYI0 COPGLUOHHYI0 aKTHMBHOCTh NPHU 3 YacCOBOM KOHTAaKTe C COKOM HMeJ
6eHTOHUT (OoGLiee cBA3bIBaHHME HUTPATOB 16.1 %; Ko3dpPuumeHT pacnpeaeneHus 19.0), MUHUMaJBHBIA -
CUHTETHYECKHI COPGEHT NOJIMOKCUITWIEeH (o6iee cBs3biBaHHe 5.5 %; ko3dduuueHT pacnpeaeneHus: 5.8).
YcTaHOBJIEHO, YTO IKCIIEPUMEHTA/IbHOE NOCTPOEeHNe U30TepM cop6uuu J/laHrMopa M pacyeT TEpMOAWHAMHUYECKHX
NnoKasarTeJsei cop6IMY O3BOJIAeT ONTUMU3UPOBATH BLIGOP COPGEHTOB AJIs1 YMeHbIIeHUs1 HUTPATHOTO 3arpsi3HeHus
CBe)XMX OBOINHBIX COKOB. Hamb6osiee 3¢deKkTHBHbIE COPOGEHTBbI AJISI CHHXKEHUS CcOJep>KaHus HHUTpaToB B

HaTypaJIbHBIX COKaX - OGEHTOHUT U JKeJIaTHHA.
yCTaHOBJIeHHble B paboTe,
HaTypaJIbHbIX COKOB IPU UX NPOU3BO/JCTBE.

YcioBusi 0GpaGOTKM HaTypajbHBIX COKOB COpGEHTaMH,
MOTYT OBITh PEKOMEH/0BaHbI

AJaA HpO(l)HJIaKTHKl/I HUTPATHOI0 3arpA3HEHUdA

Karuesvie cn068a: oBOIHBIE COKY; HUTPATHOE 3arpA3HEHHE; COpﬁeHT; TepMOJWHAMHYECKHE ITIOKa3aTeJIu; COp6uI/IH.

Introduction

The problem of nitrate accumulation in plant
raw materials and products made from them is
associated with the daily use of mineral
fertilizers, chemicalization of agriculture and
environmental degradation. According to the
Ministry of Health of Ukraine, the content of
nitrates in 10 % of plant products always exceeds
the maximum permissable levels, in this regard,
the rationing of the amount of nitrates in
vegetable products was introduced.

Per 1 kg of body weight, the daily permissable
dose of nitrates does not exceed 3.7 mg, and
nitrite - 0.2 milligrams per kg of body weight.
The main part of nitrates (70 %) is consumed
with vegetables, about 20 % - with drinking
water [1; 2].

Agriculture in the modern world cannot
provide environmentally friendly products.
Therefore, the search for and development of
measures to reduce the intake of nitrates in the
human body is one of the most pressing problems
today. One of the measures to reduce nitrates is
to grow different varieties of crops with low
ability to accumulate nitrogen compounds [3-5].
To date, the topical issue is the search for the
most optimal modes of storage and processing of
fresh plant products, which reduce the content of
nitrates in food [6]. The accumulation of high
levels of nitrates in plants occurs when they are

absorbed in excess. It is proved that with an
increase in the amount of protein in plants and
with a decrease in the amount of sugars - the
level of nitrates increases. During the cultivation
of vegetable crops, the optimal dose of nitrates is
considered to be 100 kg/g [7-9].

The soil type and its composition significantly
affect the quantitative composition of nitrates in
vegetables. The amount of fertilizers is reduced
for soils with low content of phosphorus,
potassium and trace elements; for ulta-acidic
soils (pH <4) and those with a high content of
mineral nitrogen fertilizers are generally
prohibited for use. The accumulation of nitrates
in vegetables is greatly influenced by the relative
humidity, especially when growing crops on
irrigated soils [10-12].

Recently, the facts of high nitrate content in
water, vegetables, fruits and juices have been
noted. Thus, the load of nitrates on a person
increases, which is potentially dangerous for the
integrated indicators of their health [13-15].

One of the promising areas for improving the
technology of juice purification is the use of
natural dispersed minerals of Ukrainian deposits,
which have sufficient adsorption capacity, can be
modified, regenerated and disposed of [16; 17].
They are cheaper than synthetic ones, and do not
require long preparation. It is known that natural
adsorbents, including palygorskite, are used to
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clarify and stabilize blends in winemaking,
bleaching and refining oils, wastewater
treatment, as fillers for insectofungicides, as well
as medicines [18; 19].

As the problem of removing nitrates from food
is still not fully solved, we studied the possibility
of using natural sorbents of different kinds to
reduce the content of nitrates in natural juices.

Materials and Methods

The objects of the study were: freshly
prepared carrot and tomato juices; as sorbents
we used dispersed mineral bentonite, gelatin and
synthetic flocculant polyoxyethylene.

Fresh vegetable juice was prepared using an
electromechanical juice squeezer. The resulting
juice was collected in one container and mixed. 1
g of sorbent was added to the conical flask and
100 cm3 of vegetable juice was added. The flasks
were periodically shaken for 3 hours. After that,
the juice was separated from the sorbent by
filtration and the filtrate was analyzed for nitrate
content by the ionometric method on a pH meter-

ionometer "Expert-001" according to the
methodology [20].

A membrane-based nitrate ion-selective
electrode and a silver chloride reference

electrode were prepared for operation according
to the passports to these electrodes. Next, the
ionometer was calibrated according to the
calibration solutions of potassium nitrate in
pCrno3- units according to the operating
instructions of this device.

Ionometric method for determining the
content of nitrates in vegetable crop products is
based on measuring the activity of nitrate ion by
an ion-selective electrode in a salt suspension of
1% solution of potassium alum at a ratio of
sample and alum solution 1:5. To do this, a 10
cm3 aliquot was pipetted from the obtained juice
filtrates, it was placed in a 100 cm3 beaker and 50
cm3 of a 1% solution of potassium alum was
added when stirring on a magnetic stirrer for 1-2
minutes. The concentration of nitrate ion in the
resulting suspension was measured with the
prepared electrodes.

The sorption activity of the sorbents was
calculated from the indicators the total binding
index (R, %) and the distribution coefficient D.

The total binding index was calculated by the
formula (1):

R=-=C 00

Co e

where:

Co - initial concentration
vegetable juice (mg / dm3);

C - equilibrium concentration of nitrates in
vegetable juice (mg / dm?3);

V - the volume of the analyzed juice (cm3);

100 - percentage conversion factor (%).

The distribution coefficient was calculated by
the formula (2):

of nitrates in

R
100—-R

. v
m, (2)

where:

R - extraction degree (%);

V - volume of the analyzed juice solution
(cm3);

m - mass of the sorbent (g).

To construct the sorption isotherms, a
concentration series with a nitrate content in
vegetable juice of 1.61 g / dm3, 0.896 g / dm3,
0.47 g / dm3, 0.252 g / dm3, 0.146 g / dm3 was
created. After 3 (or 24) hours of sorption, the
concentration of nitrates was determined as
described above, in the coordinates of the
concentration of sorbed substance (S) =+
equilibrium concentration (C). Indicator (S) was
calculated by the formula (3):

s=S"C.y
m , (3)
where:

Co - initial concentration of nitrates in
vegetable juice (mg / dm?3);

C - equilibrium concentration of nitrates in
vegetable juice (mg / dm3);

V - volume of the analyzed juice (cm3);

m - mass of the sorbent (g).

To calculate the thermodynamic sorption
constants (limit value of sorption Soco, sorption
equilibrium constant K), the obtained isotherms
were graphically represented in the coordinates
1/S + 1/C. The graph in these coordinates is a
straight line (Fig. 1).

For this purpose, we obtained the
experimental isotherms (Figs. 3, 4) in coordinates
1/S + 1/C. The graph in these coordinates is a
straight line. The limit value of sorption (S) is
calculated as a line segment 1/S., which is cut off
when extrapolating the straight line to zero
concentration.
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1/c

-

Fig. 1. Graphical method of calculating the sorption constant

Sorption equilibrium constant (Keq is
calculated by the tangent of the angle of
inclination (tga) of the straight line by the
formula (4, 5):

tgot =1/ Soo™* Keg; (4)
Keq. = 1/ Soo* tga. (5)

The isobaric-isothermal potential, or Gibbs
energy, was calculated by the formula (6):

AG=-RTInKe, (6)
where:
AG - isobaric-isothermal potential, or Gibbs
energy, ] / mol;

R - universal gas constant 8.34 ] / mol * K;
T - absolute temperature, K;
Keq — sorption equilibrium constant.

Results and discussion

According to the obtained experimental data,
the original carrot and tomato juices had a high
content of nitrates. In carrot juice, the
concentration of nitrates was 310 mg / dm3 (ata
rate of 250 mg/dm3), in tomato juice -
215 mg/dms3 (at a rate of 150 mg / dm3). The use
of sorbents led to a significant reduction in the
content of nitrates in the studied juices by an
average of 1.2-1.9 times (Table 1).

Table 1
Nitrate content (for nitrate ion) after 3 and 24 hours of sorption in carrot juice e
(mg / dm3)
Sorbent
Juice Bentonite (BEN) Gelatin (GEL) Polyoxyethylene (POE)

3 hours 24 hours 3 hours 24 hours 3 hours 24 hours
Carrot 260.0+5.1 162.0+7.3 279.0+5.1 219.0+9.1 293.0+2.5 293.0+2.5
Tomato 187.0+5.1 109.0+9.1 193.0+2.5 160.0+5.1 191.0+£7.6 191.0+7.6

Increasing the sorption time from 3 to 24
hours had a positive effect on reducing the
amount of nitrates in juices. For instance, the
study found that with prolonged sorption of
bentonite sorbent in tomato juice, the nitrate
content decreased from 187 mg/dm3 to
109 mg/dms3, in carrot juice - from 260 mg/dm3
to 162 mg/dm3 respectively.

The experimental results of determining the
total binding (R,%) and the distribution
coefficient (D) of nitrates from juices by the

investigated sorbents are given in Fig. 2, 3 and
Table 2.

According to research results of carrot juice,
bentonite had the maximum sorption activity, in
which the total binding of nitrates was 16.1 % at
3 hours of contact with the juice. This is also
confirmed by the largest value of the distribution
coefficient (19.0) for this sorbent. The minimum
activity was shown by the synthetic sorbent
polyoxyethylene, whose total binding at 3 hours
of contact with the juice was only 5.5 %, and the
distribution coefficient was 5.8.
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Fig. 2. Total binding (R, %) of nitrates by sorbents from carrot juice after 3 and 24 hours of sorption (mg / dm3)

Table 2

Distribution coefficients (D) of nitrates on sorbents in vegetable juices (according to average data)

Sorbent
Ne Juice Bentonite (BET) Gelatin (GEL) Polyoxyethylene
(POE)
3 hours 24 hours 3 hours 24 hours 3 hours 24 hours
1 Carrot 19.0 91.2 11.1 41.6 5.8 24.1
2 Tomato 14.9 97.2 11.3 34.4 12.6 23.5

In the case of tomato juice at 3 hours of
contact, the sorption activity of bentonite
remained the highest, but decreased compared to
its activity in carrots by an average of 1.25 times
(total binding 13 %, partition coefficient 14.9).

Gelatin in both studied juices was similar in
activity on two indicators, and the sorption
capacity of polyoxyethylene increased in tomato
on average by 2.1 times (total binding 11.2 %,
partition coefficient 12.6).

60
R,%

49.3

50

40

B3 hours
24 hours|

BET

GEL

POE

Sorbents

Fig. 3. Total binding (R, %) of nitrates by sorbents from tomato juice after 3 and 24 hours of sorption (mg / dm3)
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According to the results, bentonite had the
maximum sorption activity, in which the total
binding of nitrates was 16.1% at 3 hours of
contact with the juice. This is also confirmed by
the largest value of the distribution coefficient
(19.0) for this sorbent.

The minimum activity was shown by the
synthetic sorbent polyoxyethylene, the total
binding of which at 3 hours of contact with the
juice was only 5.5%, and the distribution
coefficient was 5.8.

Thus, at 24 hours of contact, sorption on
bentonite increased significantly in both carrot
and tomato juices and was, respectively: total

binding 47.7% and 49.3%; distribution
coefficients - 91.2 and 97.2. At the same time, the
activity of polyoxyethylene increases in carrot
and tomato juices, respectively, by 19.4 % and
19.0% in terms of total binding, and the
distribution coefficient increases by 24.1 and
23.5, respectively.

The activity of gelatin was close to bentonite,
in the case of carrot juice, and was close to
polyoxytelene, in the case of tomato juice.

The obtained data of isotherms of nitrates
sorption from vegetable juices by the studied
sorbents (Figs. 4, 5) allows to obtain information
about the mechanism of sorption.

S r-10 3

(8]
N

—
wn

—— GEL
BET

—+— POE

C, g/dm’

Fig. 4. Isotherms of nitrates sorption from carrot juice

S 10t 3.5

[958

/ —— GEL
BET
—— POE

2 C, g/dm’

Fig. 5. Isotherms of nitrates sorption from tomato juice
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All the obtained isotherms are curved in the
initial section relative to the concentration axis.
According to the Brunauer classification, this type
of isotherm belongs to type 1, the Langmuir
isotherm, which is associated with
monomolecular adsorption taking place with a
parallel orientation on the sorbent of the solute -
the adsorbent. This suggests that the sorption of
nitrates from vegetable juices by the studied

isotherms, we see a decrease in the steepness of
the isotherms, a decrease in the efficiency of
sorption in the transition from bentonite to
polyoxyethylene. So, for example, in case of carrot
juice indicators of sorption of nitrates decrease in
a row of bentonite - gelatin - polyoxyethylene:
§$=2.8-101;1.7-10%; 1.0-10-t respectively.

The results of the graphical calculation of
thermodynamic sorption constants - limit value

sorbents takes place according to the of adsorption (So), Gibbs energy (AG) and
monomolecular adsorption type. Comparing sorption constants (K) - are presented in Table 3.
Table 3
Thermodynamic constants of nitrates sorption from vegetable juices
Constants Carrot juice Tomato juice

Bentonite Gelatin POE Bentonite Gelatin POE

[ 0.909 0.400 0.200 1.000 0.454 0.196

tg A 3.750 7.179 8.816 3.780 8.261 8.287

K 0.293 0.348 0.567 0,265 0.268 0,616

]/Ag{ol -2990.000 -2569.900 -1334.400 -3237.832 -3210.500 -1181.450

The Gibbs energy is a thermodynamic polyoxyethylene (10 g of sorbent per 1 liter of

characteristic that shows the degree of affinity of
nitrate ions to the surface of the sorbent and can
serve as a criterion for the efficiency of the
sorption process.

The increase in the efficiency of nitrate
sorbent binding in the polyoxyethylene - gelatin
- bentonite row is accompanied by the increase
in the chemical affinity between nitrates and
sorbents, which is manifested in a decrease in the
Gibbs energy. For example, the Gibbs energy
decreases from -1334.4 ] / mol to -2990.0 ] / mol
in the transition from polyoxyethylene to
bentonite in the case of carrot juice, which is
reflected in the sorption isotherms. In this case,
bentonite is characterized by higher absolute
values of the Gibbs energy compared to other
sorbents in the cases of both juices, which
indicates its greater sorption capacity with
nitrates. This is confirmed by the experimental
values of the distribution coefficient (D) of
nitrates on the sorbents (Table 2).

Thus, we can assume that the higher sorption
of nitrates on the dispersed mineral bentonite is
due to the presence on its surface of a much
larger number of positively charged centers than
on the surfaces of gelatin and polyoxyethylene.
The lower activity of gelatin can be explained by
the effect of pH, especially in the case of tomato
juice, as the pH of tomato juice is close to the
isoelectric point of gelatin. If it is necessary to
reduce the concentration of nitrates, it is possible
to recommend treatment of vegetable juices with
dispersed mineral bentonite, gelatin,

juice) with a contact duration of 3 to 24 hours.

Conclusions

The appropriateness of using natural sorbents
to reduce the content of nitrates in natural juices
has been experimentally confirmed. The research
results indicate the possibility of using
experimentally obtained Langmuir isotherms and
the results of calculation of thermodynamic
sorption parameters to optimize the choice of
sorbents in order to reduce nitrate contamination
of fresh vegetable juices.

It has been experimentally proven that the
most effective sorbents to reduce the content of
nitrates in natural juices are bentonite and
gelatin, which are widely used in the food
industry. The given conditions of processing of
natural juices by sorbents can be recommended
for prevention of nitrate contamination in natural
juices during their production that has the
important sanitary-and-hygienic as well as
valeological value.
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