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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 °С and unregulated conditions — 4±6 °С 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.
Keywords: carrot, cultivar, hydroxycinnamic acids, analysis, validation, metrological characteristics, chlorogenic acid, 
the initial level in roots, storage of carrots, dynamics of biologically active substances.

Article info:
Received 23/10/2017, accepted 24/11/2017
DOI: 10.21047/1606-4313-2017-16-4-3-8
Article in Russian
For citation:
Shachek T. M., Marchankava Т. I., Zelenkova E. N. Determination of chlorogenic acids in carrots during storage. Vestnik 
Mezhdunarodnoi akademii kholoda. 2017. No 4. p. 3–8.

Определение хлорогеновых кислот в моркови при ее хранении
Канд. техн. наук Т. М. ШАЧЕК1, Т. И. МАРЧЕНКОВА2, Е. Н. ЗЕЛЕНКОВА3

1shachek@tut.by, 2marchelitta@tut.by, 3elena.taras@mail.ru
Белорусский государственный технологический университет

Представлены результаты оценки хранившихся корнеплодов моркови сортов белорусской зоны произрастания 
по содержанию хлорогеновых кислот. Объектами исследования являлись свежеубранные и хранившиеся корнепло-
ды моркови ботанических сортов Дордонь, Нарбона и Шантане урожая 2016 г. Установлены сортовые различия 
в накоплении изучаемых фенольных соединений. Для исследований использовали оригинальную фотометрическую 
методику, модифицированную в части массы исходной пробы и объема анализируемого раствора для количе-
ственного определения оксикоричных кислот в свежей моркови. Пригодность данной методики подтверждена 
в валидационном эксперименте при оценке ее метрологических характеристик: повторяемость (сходимость) — 
5,59 %, воспроизводимость (внутрилабораторная) — 19,97 % и линейность в диапазоне концентраций хлорогеновых 
кислот — от 20,0 до 80,0 мг/100 г СВ. Динамику оксикоричных кислот изучали в процессе хранения сырья как 
в регулируемых — 0±1 °С, так и нерегулируемых условиях — 4±6 °С. Показано существенное накопление оксико-
ричных кислот (до 263 %) при хранении моркови в стандартных условиях и установлено влияние нерегулируемых 
условий на интенсивность накопления оксикоричных кислот. Проведенный анализ результатов исследования 
биологической активности основных представителей оксикоричных кислот в растительном сырье — хлороге-
новых кислот, показал актуальность дальнейшего изучения динамики указанных веществ при хранении моркови.
Ключевые слова: морковь, ботанические сорта, оксикоричные кислоты, методика определения, валидация, оценка 
метрологических характеристик, хлорогеновая кислота, исходный уровень в корнеплодах, хранение моркови, дина-
мика биологически активных веществ.
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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 
2.4 to 4.4 % [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 f lour 
confectionery products [5]. 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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Fig. 1. The scheme of hydroxycinnamic acids analysis in carrots by photometry method

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 
coefficient R2, which must be at least 0.99.

After establishing the validation characteristics, the 
method was used to determine the levels of chlorogenic acids 
in freshly harvested and stored carrots (crop 2016). Particular 
carrot cultivars grown in various regions of the Republic of 

Table 1
Scheme of preparation of working solutions 

for the validation experiment

Level Aliquot of the 
solution, cm3

Volume of 
solution, cm3

Concentration of 
analyte, %

1 5 50 10
2 20 50 40
3 35 50 70
4 50 50 100

Sampling
GOST 1721–85, GOST 28736–90

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

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 cm3 of ethyl alcohol (95%) and 62.9 cm3 of distilled water were introduced into  

a volumetric flask of 250 cm3, thoroughly mixed. 
The received solution was stored in a dark place within no more than 1 year

Extraction 2 times by ethanol, filtration
The sample was placed in a 250 cm3 conical flask, 50 cm3 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 cm3 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 cm3)  

with an extractant and stirred

Measurement of an analytical signal
The optical density was measured at λ = 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:

,

 where D — optical density of the test solution;
  V — solution volume, cm3;
  100 — conversion factor with g in%;
  m — sample weight, g;
  = 531 — specific absorption index of the WSS  
  (working standard sample) of chlorogenic acid at 327 nm;
  ω — mass fraction of solids,%
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Belarus were selected as the subjects of the study. Samples 
were following:

− «Dordogne», Soligorsk district, Minsk region;
− «Narbona», 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) °С, specialized vegetable storage;
− unregulated — (4±6) °С.
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.

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 

Table 2
Results of the evaluation of repeatability and intra-laboratory reproducibility

Parameter

Concentration range, mg / 100 g dry weight

j1 j2 j3 j4

5.00–19.99 20.00–39.99 40.00–59.99 60.00–80.00

Sr, mg/100 g 0.15 0.12 0.07 0.07

Sr, % 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
SR, mg/100 g 1.42 2.06 1.73 1.95

SR, % 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

Fig. 2. Calibration сurves: analytical signal (D) — 
concentration of hydroxycinnamic acids in working solutions 

(mg/100 g DW)
Fig. 3. Change of hydroxycinnamic acids concentration in particular 
carrot cultivars during storage at standard temperature, t = (0±1) °C

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

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 hydroxycinnamic acids in carrot

roots stored at temperature (0±1) °C are shown in Fig. 3.
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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 
(4±6) °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) оC,.

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;

− 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) ºC and (4±6) ºC 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.

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

Fig. 3. Change of hydroxycinnamic acids concentration in particular carrot cultivars during 

storage at standard temperature, t = (0±1) °C
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