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Determination of chlorogenic acids in carrots during storage
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In this paper the results of quantitative analysis of chlorogenic acids in selected carrot cultivars grown in Belarus are
presented. Fresh and stored carrot roots of the Dordogne, Narbona and Chantane cultivars (harvested in 2016) were used
for the research. Varietal differences in accumulation of the phenolic compounds under investigation were established. The
original photometric method was used for the quantitative determination of hydroxycinnamic acids in fresh carrots. The
method was modified at the stages of sample preparation (sample weight) and preparation of the analyte (volume of the
solution being analyzed). Validation experiment showed the stability and accuracy of the technique, metrological characteristics
being assessed: repeatability (convergence) — 5.59 %, reproducibility (intralaboratory) — 19.97 %, and linearity in the
concentration range of chlorogenic acids — from 20.0 to 80.0 mg /100 g DW. The dynamics of hydroxycinnamic acids during
the storage of raw materials both in regulated — 0+1 °C and unregulated conditions — 46 °C was studied. Accumulation
of hydroxycinnamic acids was significant (up to 263 %) when storing carrots under standard conditions and the influence of
unregulated conditions on the intensity of hydroxycinnamic acids accumulation was established. On the basis the of research
literature analysis, the biological activity of chlorogenic acids, as the main representatives of hydroxycinnamic acids in plant
raw materials, was studied. It was shown that the dynamics of these substances in carrots during storage is actual to study.
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Onpeneﬂeﬂne XJIOPOT€HOBLIX KHUCJIOT B MOPKOBMU IIPH €€ XPaAaHCHUH

Kano. mexn. nayx T. M. IHAYUEK', T. U. MAPYEHKOBA?, E. H. 3EJIEHKOBA*
Ishachek@tut.by, >marchelitta@tut.by, 3elena.taras@mail.ru
Benopycckuii cocyoapcmeennbiii mexnonozsuueckuii yHugepcumem

Ipedcmasnenst pesynvmamol OUeHKU XPAHUBUIUXCSA KOPHENT0008 MOPKOBU COPHIOG De10pYCCKOIL 30Hbl RPOU3PACANUA
RO COOEPIHCANUIO XTI0PO2EHO8bIX KUCI0Mm. O0beKmamu uccied08anus AANUCH CEENHCEYIPANHbIE U XPAHUGUIUECA KOPHEN0-
0bl MOpKOBU bomanuyeckux copmos /{lopoons, Hapoona u lllanmane ypoxncasn 2016 2. Yemanoenenvt copmogwle paziuius
6 HaKONJ1eHUU U3y4aemolX heHoNbHBIX coeoutenuil. /s ucciedosanuil UCHOIb3068AU OPUZUHATIBLHYIO homomempuiecKyio
MEMOOUKY, MOOUPUUUPOBAHHYIO 6 YACHU MACCHL UCXOOHOI NPOOBL U 00beMa AHATUUPYEMO20 PACIMEOPA Ol Koluue-
CMEEHH020 Onpedelenuss OKCUKOPUUHBIX KUCTI0M 6 ceedicell mopKosu. IIpuzoonocms 0annoit memoouxku noomeepicoena
6 6AIUOAUUOHHOM IKCREPUMEHME NPU OUECHKE ee MEMPOI02UYECKUX XAPAKMEPUCHMUK: ROGMOPAEMOCHLb (CX00UMOCHb) —
5,59 %, éocnpouzeooumocms (enympunaoopamopnan) — 19,97 % u nuneiinocms é ouanasone KOHUEHMPAUUIL XT10OPO2EHOBLIX
kucnom — om 20,0 0o 80,0 m2/100 2 CB. /lunamuky oKCUKOPUYHBIX KUC/IOM U3YUanu 6 npouecce XpaHeHus colpvs KaK
6 pezynupyemuvix — 0+1 °C, mak u nepezynupyemuix yciosusax — 46 °C. Ilokazano cywecmeenHnoe HaKonieHue 0KCUKo-
puunvix kuciaom (00 263 %) npu XpaneHuu MOpKosU 6 CHaAHOAPMHBIX YCAOGUAX U YCHAHOGIEHO 6NIUAHUE HEPEYIUPYEeMbIX
YC106UTI HA UHMEHCUBHOCHb HAKONICHUA OKCUKOPUYHBIX Kuciaom. Ilposedennslii ananus pe3ynibmamos ucciedosanus
OUO02UYECKOI AKMUBHOCMU OCHOBGHBIX NPEOCMAGUmeNell OKCUKOPUYHBIX KUCIOM 6 PACIUMETbHOM CbIpbe — X10po2ze-
HOGBIX KUCTIOM, ROKA34]I AKMYAbHOCHb OA/IbHEIIue20 U3yYeHUs OUHAMUKU YKA3AHHBIX 6EULeCHE NPU XPAHEHUU MOPKOGU.

Knwuesvie cnosa: MOPKOBbB, OoTaHHYECKHE COopTa, OKCUKOPHUYHBIC KUCJIOTBI, METOAUKA OIIPCACIICHUA, Baluaalusa, OUCHKa
METPOJIOT'MYECKUX XapaKTECPUCTUK, XJIOPOIrCHOBAas KHUCJIOTA, HUCXOIHBIN YPOBEHb B KOPHEIIJIOAAX, XpaHECHUE MOPKOBH, JUHA-
MHKa OMOJIOTHYECKH aKTUBHBIX BCHICCTB.
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Introduction

Carrot is one of few types of industrial plant raw
materials cultivated in Belarus, which correspond to the basic
principles of «healthy eating:

1. The amount of dietary fiber is significant — from
2.41t04.4% [1];

2. The carotene quantity is high (to 17.8 mg per 100 g
of raw material) which causes antioxidant and provitamin A
activity [2];

3. Root crops characteristics of different cultivars and
cultivation regions have been reliably established on the basis
of long-term domestic studies in terms of the content of
macroelements, nitrates and nitrites, toxic elements, etc., [3],
which guarantees the safety of manufactured products and
allows to predict their quality.

For these reasons, the range of using of carrots as a
secondary raw material in functional foods for various
population groups has been expanded, for example, as a dry
powder in the production of baked goods [4] and flour
confectionery products [S]. However, for more efficient and
integrated use of this raw material in the manufacture of
functional products, it is important to determine and study
complementary biologically active substances (BAS), which
have not been investigated previously, but present in its
composition potentially.

Thus, a number of scientific works devoted to the study
of the antioxidant activity of phenolic compounds widespread
in nature (substances containing aromatic rings with a hydroxyl
group), including phenolic acids, are known. All representatives
of this large group (phenolic derivatives) belong to the classes
of practically non-toxic substances and, in connection with
this, are used in the food industry increasingly.

Interest in them is due to a wide range of their biological
effects: medicines based on them are used as antimicrobial,
anti-inflammatory, choleretic, diuretic, hypotensive, tonic,
astringent and laxatives [6].

The main representatives of phenolic acids of vegetable
origin are hydroxycinnamic acids (phenolic compounds with
one aromatic ring) — caffeic, ferrulic and sinapic, and their
derivatives — glycosides, esters of oxycoric and hydroaromatic
acids. Hydroxycinnamic acids in different combinations
present almost in all higher plant.

In fruits and vegetables natural phenolic acids are
presented by mainly chlorogenic acids. In large quantities,
this acid is found in tobacco leaves, in green seeds of coffee,
potatoes tubers, etc. Today the expressed cholagogue effect
of chlorogenic acid which also inhibits a glucose absorption
in an organism is established, than promotes level control of
sugar in blood. Except stimulation of CNS activity, chlorogenic
acid promotes change of a tone of blood vessels of a brain and
heart, is one of the best means of decrease and prevention of
exhaustion and a headache [7]. Intensive studying of
chlorogenic acid last several years is caused by detection of
its ability to inhibit body height of tumors of various etiologies.

Recognition of vegetable raw materials as a source of
biological active material perhaps only after detailed studying
of concrete connection, assessment of level of its contents in a
vegetable matrix and stability at influence of various technology
factors. Studying of chlorogenic acids in carrots is relevant also
in view of possible increase in its contents in the course of

storage of root crops that in turn, leads to synthesis of the bitter
substances which also have the phenolic nature [8].

Considering the aforesaid, the assessment of concentra-
tion levels of total hydroxycinnamic acids in freshly harvest-
ed and stored carrot roots of different botanical grades of the
Belarusian growth zone was the purpose of this work. For
achievement of a goal, the experiment including two stages
was planned and realized:

— the choice of a technique of definition of hydroxycin-
namic acids and its validation in the conditions of concrete
testing laboratory;

— selection of objects of a research (botanical grade and
the region of cultivation of carrots root crops), the choice of
the modes of storage of raw materials and definition of
hydroxycinnamic acids concentration in the freshly harvested
and stored exemplars.

Materials and Methods

At a stage of theoretical researches the analysis of the
techniques for study BAV published in scientific literature
was carried out.

For the quantitative determination of hydroxycinnamic
acids the original photometric technique, which applied for
medicinal vegetable raw materials was used in this work and
was modified for the analysis of carrots at steps of sample
preparation (sample weight) and preparation of the analyte
(volume of the solution being analyzed) (fig. 1) [9].

At the first stage of experimental studies an experiment
to validate the chosen procedure for the determination of
hydroxycinnamic acids was performed in an accredited testing
laboratory for food quality control BSTU. Within the scope
of the work, the following validation characteristics were
evaluated: repeatability (convergence), reproducibility
(intralaboratory) and linearity.

Repeatability (convergence) of the technique was
determined within one working day, under the conditions of
one laboratory. The operator performed 8 measurements on
one equipment. Analytic signals were measured in 48 working
samples (n=2), performed with three changing factors: time
(4 working days), equipment — 2 photoelectrocolorimeter,
operator — 3: 1 — technical supervisor of laboratory, 2 —
master student, 3 — student.

Repeatability and reproducibility parameters were
calculated in accordance with the requirements of STB ISO
5725-2-2002 (chapter 7), STB ISO 5725-3-2002 (chapter 8.2).
The presence of emissions was verified by the Cochran test.
If the statistics value was less than or equal to its 5% critical
value, then the examined position was recognized as correct.
In case of the statistics value exceeded 1% critical value, the
study item is given the name of the statistical outlier and it
was not taken for further calculations. The critical value for
the Cochran test for p=4 and n=2 is higher than 5% — 0.906.

The linearity of the analytical procedure was determined
for four levels throughout the concentration range of
chlorogenic acid — from 5 to 75 mg / 100 g dry weight. For
this purpose, working solutions prepared from stock solution
by step-by-step dilution — level 4 (Table 1) were used. Four
measurements of the optical density of each solution were
made with two changing factors: time and operator (see
experiment for evaluating intra-laboratory reproducibility).
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Sampling
GOST 1721-85, GOST 28736-90

v

Determination of a mass fraction of nonvolatile solids
The raw material was weighed in bucks and dried at t = (105 £ 2) °C up to constant weight

A

Sample preparation
Roots were washed, pulped using an electric vegetable cutter.
The pulp was mixed and weighed up to 10 0.01 g

Extractant preparation (60% ethyl alcohol solution)
100 cm?® of ethyl alcohol (95%) and 62.9 cm® of distilled water were introduced into
a volumetric flask of 250 cm?, thoroughly mixed.
The received solution was stored in a dark place within no more than 1 year

Y
Extraction 2 times by ethanol, filtration
The sample was placed in a 250 cm? conical flask, 50 cm® of the extractant was added. The flask was attached
to a reflux condenser and heated on the boiling water bath within 30 min. Hot extract was filtered through
a paper filter into a 100 cm?® volumetric flask (extract 1). Extraction was repeated without changing laboratory
glassware and auxiliary materials.
The filtrate was added at volumetric flask to extract 1.

!

Preparation of the analyte
The resulting filtrate was cooled to room temperature. The volume was brought to the mark (50 cm?)
with an extractant and stirred

Measurement of an analytical signal
The optical density was measured at A = 327 nm on a photovoltaic photometer in cuvettes with an optical path
length of 10 mm. Extractant was used as a comparison solution. Measurement was repeated 2 times

Calculation of the analyte concentration in the analyzed solution
The concentration of hydroxycinnamic acids, X (%), was calculated with reference to chlorogenic acid follow-
ing the formula:
D-V-
m-4. -0
where D — optical density of the test solution;

V — solution volume, cm?;

100 — conversion factor with g in%;

m — sample weight, g;

A= 531 — specific absorption index of the WSS

(working standard sample) of chlorogenic acid at 327 nm;

o — mass fraction of solids,%

bl

Fig. 1. The scheme of hydroxycinnamic acids analysis in carrots by photometry method

Table 1
Scheme of preparation of working solutions
for the validation experiment

The calibration curve was constructed in coordinates
«optical density — concentration of hydroxycinnamic acids
in working solutions». The results were carried out by the

least squares method using the Microsoft Office Excel - -

program. The criterion of linearity was the correlation Level /:élliltllztnoiilf s;ﬁ?;‘:f;; COI;EZT;ZUOO/: of

coefficient R?, which must be at least 0.99. I 3 ‘ 507 10’
After establishing the validation characteristics, the 5 20 50 40

method was used to determine the levels of chlorogenic acids

in freshly harvested and stored carrots (crop 2016). Particular 3 35 50 70

carrot cultivars grown in various regions of the Republic of 4 50 30 100
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Table 2
Results of the evaluation of repeatability and intra-laboratory reproducibility
Concentration range, mg / 100 g dry weight
Parameter I Js Js Ja
5.00-19.99 20.00-39.99 40.00-59.99 60.00-80.00

S, mg/100 g 0.15 0.12 0.07 0.07

S, % 2.00 0.40 0.15 0.10

r, mg/100 g 0.43 0.32 0.21 0.20

r, % 5.59 1.12 0.41 0.27

S, mg/100 g 1.42 2.06 1.73 1.95

S %o 18.44 7.13 3.46 2.74

R, mg/100 g 3.98 5.77 4.86 5.46

R, % 51.63 19.97 9.69 7.68

Belarus were selected as the subjects of the study. Samples
were following:

«Dordogney, Soligorsk district, Minsk region;
«Narbonay, Vilejsky district, Minsk region;
«Shantone», Stolin district, Brest region.

Storage of carrot roots was carried out for 6 months under
different temperature regimes:
regulated — (0+£1) °C, specialized vegetable storage;
unregulated — (4+6) °C.

Sampling for research was carried out once a month. In
total, 48 freshly harvested and stored carrots were investigated.
All the results obtained were processed in accordance with
the rules of mathematical statistics.

The results and discussion

Data of analytical signals measured in working solutions
during the validation experiment (under conditions of
repeatability and intra-laboratory reproducibility), and their
statistical analyses are shown in Table 2.

The data presented in the table indicate that the
repeatability characteristics calculated for all four
concentration levels did not exceed the acceptance criterion
of 10.0%. At the same time, the calculated RMS values and
reproducibility limits were 18.44 and 51.63 %, when
oxycinnamic acids concentration was in the range from 5.0
to 19.9 mg/100 g of DW, which exceeded the established
validation criteria of 10.0 and 20.0%, respectively.

Optical density, D
12

y=0,0143x
R=1 N

/
/

1

0,8

0,6

0,4

0,2

acids, mg/100 g DW

0 T T T T T T T
0 10 40 50 60 70 80

Concentration of HA, X, mg/100 g DW

Concentration of hydroxycinnamic

Fig. 2. Calibration curves: analytical signal (D) —
concentration of hydroxycinnamic acids in working solutions
(mg/100 g DW)

The linearity of the method was confirmed and it was
indicated that the actual correlation coefficient (R=1)
corresponds to the evaluation criterion (R > 0.99) (show Fig.
2).

The results showed that for the methodology, which was
chosen based on the analysis of the literature data, the validation
characteristics, such as repeatability, reproducibility,
linearity — meet the accepted evaluation criteria. Thus, the
suitability of the photometric method was confirmed for
quantitative analysis of hydroxycinnamic acids in carrot in the
concentration range of chlorogenic acids — from 20.0 to
80.0 mg/100 g of DW.

Own experimental data of the dynamics of hydro-
xycinnamic acids in carrot roots stored at temperature (0£1) °C
are shown in Fig. 3.

The data (Fig. 3) show that the initial concentration of
hydroxycinnamic acids in fresh carrot samples of cultivars
Narbon, Dordogne and Chantane was 32.41£0.16, 62.35+3.05
and 78.89+8.26 mg/100 g of DW, respectively. This indicates
differences in the accumulation of the studied phenolic
compounds in roots of various cultivars. It was established that
during the entire storage period, which lasted 120 days, the
content of hydroxycinnamic acids increased in all tested carrot
samples. And the intensity of this process was higher in the
roots of carrot cultivar Narbona, in which the initial level of
BAS was the smallest. At the end of the storage period, the
content of hydroxycinnamic acids in Narbon, Dordogne and
Chantane cultivars was 117.76+5.85, 112.21+4.07 and

140
120
100
80
60 -
40
20

124,56

| 10,31
87,3 _Ovlﬁ/v B
78,89 ¢ ]

SR
I 7035
62,35 5534

3241

117,76

112,21

October November ~ December January February March

—o=Shantone ©#—Dordogne —z—=Narbona

Fig. 3. Change of hydroxycinnamic acids concentration in particular
carrot cultivars during storage at standard temperature, t=(0+1) °C
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40

20
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acids, mg / 100 g DW

/
.

0 Ei x : :
October November

# Storage temperature (0£1)°C

December January

# Storage temperature (4+6)°C

Fig. 4. Change of hydroxycinnamic acids concentration in carrot roots during storage at different temperatures
(on an example of Shantane)

124.56+8.13 mg/100 g of DW, respectively, that in its turn,
exceeded the original level in 3.6, 1.8 and 1.6 times. The
foregoing testifies to the accumulation of free hydroxycinnamic
acids in carrots when stored under standard conditions, which
corresponds with the data [10, 11].

The results of the determination of hydroxycinnamic acids
in carrots stored at different temperature regimes — (0+1) and
(446) °C, are shown in Fig. 4. They showed the following.

The gradual increase in the baseline level of the BAS
studied (78.89+8.26 mg/100 g DW) was detected during the
first three months for all root crops stored at (0£1) and (4+6) °C.
At the final stage of the experiment (90—120 days), when carrots
were storaged under unregulated conditions (4+6) °C, the
content of hydroxycinnamic acids has increased by 43.1%, and
in regulated ones — by 24.5% (Fig. 3). Consequently, after
120 days the initial level increased by 57.9% in carrots stored
at (0£1) °C, and the increase in the number of hydroxycinnamic
acids was 77.4% in carrots stored at — (4+6) °C,.

Conclusions

Thus, the results of the experimental studies are folowing:

— new data on the content of hydroxycinnamic acids in
carrot cultivars of Narbona, Dordogne and Shantanu grown in
Belarus, were obtained;
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— photometric method for the analysis of hydroxycin-
namic acids in carrots was modified and the suitability of this
technique was confirmed in the accredited testing laboratory
for food quality control of BSTU;

— data on the dynamics of hydroxycinnamic acids during
storage of carrots were obtained and they indicate:

1) the content of BAS increases in the carrot roots stored
under standard conditions — (0+1) °C;

2) the stability of temperature influences on the intensity
of accumulation of hydroxycinnamic acids in carrots. The ini-
tial level of hydroxycinnamic acids (78.89+8.26 mg/100 g DW)
in cultivar Shantane increased 1.6 and 1.8 times during the
storage at temperatures (0+1) °C and (4+6) °C respectively.

The modified photometric method for the determination
of hydroxycinnamic acids in fresh carrots, which was described
in the article, will be able to be applied in plant laboratories for
assessing the quality of vegetable raw materials for processing.

Experimental studies the levels of hydroxycinnamic acids
in freshly harvested and stored carrot roots will be continued
for other cultivars of raw materials, grown in the Republic of
Belarus. The results will be included in the database on the
nutritional value of domestic raw materials, which will opti-
mize the timing and directions of its processing — canned food
of the general group, baby food, etc., as well as predict the
foodstuff quality.
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