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STUDY OF QUALITATIVE COMPOSITION AND QUANTITATIVE CONTENT
OF FREE ORGANIC ACIDS IN LINGBERRY LEAVES

Actuality. Organic acids are aliphatic and aromatic compounds with carboxyl group that play crucial roles in plant metabolism.
1t’s worth noting that all plant species, regardless of their family, contain varying amounts of organic acids, which are biologically
active compounds.

Aim — to identify and quantify free organic acids in lingberry leaves (Vaccinium vitis-idaea L.).
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Materials and methods. Grinded dry lingberry leaves were used for the study. Thin layer chromatography (TLC) was employed to
detect the organic acids, while the alkalimetric method was used for their quantification.

Results and discussion. A TLC technique was utilized to identify the presence of oxalic, citric, malic and tartaric acids. The total
content of free organic acids is 2.03+0.04%, 2.08+0.01% u 3.62+0.13% for potentiometric, conductometric and indicator titration
methods, respectively.

Conclusions. Qualitative analysis and determination of the quantitative content of organic acids in lingberry leaves were performed.
The possibility of using conductometric and potentiometric titration methods in preliminary studies for the quantitative analysis of free
organic acids in the studied raw materials is shown, and their advantages over the indicator titration method are shown.

Key words: organic acids, lingberry leaves, alkalimetric titration, TLC, analysis.
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JOCIIJKEHHA AKICHOI'O CKJIIALY TA KIJIBKICHOT'O BMICTY
BIJIBHUX OPITAHIYHUX KUCJIOT Y JIMCTI BPYCHHUIII

Axmyansnicme. Opzaniyni Kuciomu — ye anigpamuyni ma apoMamuyHi CHOTYKU 3 KAPOOKCUTbHUMU SpYnamu, AKi 8idizpaiombs
BUPIUATLHY POTb Y Memabonizmi pociul. Bapmo io3nauumu, wjo 6ci 6u0u POCIUH, HE3ALENHCHO 810 POOUHU, MICMAMb PI3HY KITbKICMb

OpP2AHIUHUX KUCTIOM, AKI € OI0N02TYHO AKMUSHUMU CIOTIYKAMU.

Mema Odocnidscenns — npoeecmu iOeHMUIKayirto ma GUHAYUMU KLIbKICHULL 6MICH OPSAHIYHUX KUCIOM Yy aucmi OpycHuyi

(Vaccinium vitis-idaea L.).

Mamepianu ma memoou. /{151 00CIiONCEHHsT GUKOPUCMOBY AU NOOPIOHEeHe cyXe aucms opycrHuyi. [l 6us6ieHHs OpP2aHiYHUX
KUCTIOM BUKOPUCTNO8Y8ANU MOHKOUWAposy xpomamoepagito (TLLX), a 0ns ix KinbKiCHO20 BU3HAYEHHA — ANKATIMEMPUYHUL MEMOO.

Pezynomamu ma ix o62060pennsn. Memoo TILX euxopucmogysascs O UsAGNIEHHs OKCANAMHOL, TUMOHHOL, AONYYHOT Ma UHHOT
Kucrnom. Bmicm cymu einvHux opeaniunux xucnom cmanogums 2,03+0,04%, 2,08+0,01% i 3,62+0,13% ons nomenyiomempuurozo,
KOHOYKMOMEMPUUHO20 MA IHOUKAMOPHO20 Memooie mumpyeanHts 6i0n06ioHo.

Bucnoeku. Ilposedeno axichuii ananisz ma 6U3HA4eHO KiIbKICHULL BMICT GLIGHUX OP2aAHTUHUX Kuciom y aucmi opychuyi. [lokazano
MONHCIUBICTID UKOPUCTAHHS KOHOYKIMOMEMPUUHO20 MA NOMEHYIOMEMPUYHO20 MUMPYSAHHs OJif KIIbKICHO20 AHANI3Y 6MICIY BLIbHUX
OpP2aHIUHUX KUCTIOM Y O0CTIONHCY8AHIL CUPOBUHI MA NOKA3AHO iXHI nepesazu nepeo iHOUKAMOPHUM MEMOOOM MUMPYBAHH.

Knrouoei cnosa: opeaniuni kuciomu, aucms 6pycuuyi, arkanrimempuyne mumpysannus, TLIX, ananis.

Introduction. Organic acids are biologically active
substances that can have an aromatic or aliphatic structure
containing one or more carboxyl groups (Maslov, 2021,
pp- 304-311). In the biochemical processes of mammals,
organic acids have a significant part in the Krebs cycle for
the formation of the main source of cell energy, adeno-
sine triphosphate (Umarov, 2020, pp. 3874-3883). Also,
organic acids are involved in the biochemical metabolism
of plants. They are involved in the mechanisms of resist-
ance and adaptation of plants to the action of heavy met-
als (Panchal, 2021, pp. 4038—4052). At present, organic
acids are applied in the food and pharmaceutical indus-
tries as preservatives and pH regulators (Maslov, 2020,
pp- 53-58).

Organic acids have antioxidant (Quiroga, 2019,
pp. 267-272), anti-inflammatory (Kuda, 2016,
pp. 2580-2590), antimicrobial (Shrivanova, 2007,
pp. 70-72) and immunomodulatory activity (Umarov,
2020, pp. 3874-3883). In addition, they create favorable
conditions for the vital activity of intestinal microorgan-
isms (Maslov, 2020, pp. 53-58).

Lingonberry is a low (up to 20 cm) shrub of the
lingonberry family, with a creeping, thin rhizome. The
leaves are alternate, elliptical. On the underside of the
leaf there are black punctate glands. The flowers are
white or pink, collected in dense, drooping racemes. The
fruits are red, round in shape, fruit type — polyspermous
berries. It grows mainly in deciduous and coniferous for-
ests, forming in places continuous thickets (Bujor, 2018,
pp- 356-365).

Lingonberry leaves are rich sources of hydroquinone
derivatives, flavonols, phenylcarboxylic acids, and fla-
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van-3-ols (Komisarenko, 2012, pp. 24-26). Lingonberry
leaves not only contain phenolic compounds, but also
organic acids. According to the literature data, the chem-
ical composition of lingonberry leaves is represented by
the following organic acids: malic, citric, benzoic, lactic
and salicylic acids (Komisarenko, 2014, pp. 291-295).

An analysis of recent studies has shown that ion-ex-
change (GU, 2014, pp. 204), gas-liquid (Umarov, 2020, pp.
56-58) and high-performance chromatography (Mortera,
2018, pp. 15-23) and capillary electrophoresis (Noguei-
ra, 2011, pp. 267-272) are often applied for the identifi-
cation and quantitative analysis of organic acids. There is
no doubt that chromatographic methods are accurate and
reliable, but chromatographic methods require expensive
equipment and reagents. Thus, we will use potentiometric,
conductometric and indicator titration methods.

Materials and methods.

Plant material

The lingonberry leaves (Vaccinum vitis-idaea L.)
was collected in October 2021 in the Kostivtsi village,
Zhutomyr region, Ukraine.

Equipment

To measure the levels of free organic acids, a pH me-
ter (Hanna 2550, FRG) equipped with a combined glass
electrode (HI 1131P, FRG) and a conductometric elec-
trode (76310, FRG) was utilized for titration. A micro-
burette with class A accuracy was used for titration. The
thin-layer chromatography plate Sorbfil (“PTSH-AF-A-
UV”) was used for detection organic acids.

Reagents

Malic acid (= 99.0%), citric acid (> 99.0%), oxalic
acid (= 99.0%), tartaric acid (= 99.0%) and sodium hy-
droxide (> 98.0%) were analytical grade and purchased

Ne 1, 2023 79 ==
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in Kharkiv Reachem (Ukraine). The distilled and bidis-
tilled water were used as solvents for titration. All organ-
ic solvents were analytical grade.

Preparation solutions

The standard solutions of malic, citric, oxalic and
tartaric acids were prepared according to the following
way: 250 mg of each acid was transferred in a separated
measuring flasks with volume 25 mL and dissolved by
96% ethanol.

The solution of bromocresol green was prepared ac-
cording to the following way: 100 mg of bromocresol
green was transferred in measuring flask with volume
50 mL and dissolved by 96% ethanol.

A 0.05 mol/L NaOH solution was prepared as follows:
4.0 g (exact mass) NaOH was liquefied in distilled water
and made up to 1 L with distilled water and standardized.

Extraction procedure

5.0 g (exact mass) of dried leaves of lingonberry
leaves were grinded in the 1-2 mm. The extraction of
free organic acids was provided by distilled water on
water bath in a flask with a reflux condenser and ex-
tracted at the ratio raw material/solvent 1/20 (m/v), dur-
ing the 1 hour. The obtained extract was filtrated (State
Pharmacopoeia of the USSR).

Detection of free organic acids by TLC method

4.0 g of dry lingonberry leaves was mixed with
40.0 mL of distilled water and heated with a reflux con-
denser on a boiling water bath for 1 h. The obtained ex-
tract was filtered through a filter.

To detect organic acids, a mobile phase consisting of
water ethyl acetate, glacial acetic acid, formic acid, and
ethyl acetate (26/11/11/100) was employed. The test solu-
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tions and standard solutions were spotted on the sample
plates using a 10 uL. micro-pipette, with 30 puL of each solu-
tion. Detection of organic acids was conducted under UV
light at a wavelength of 254 nm. Finally, the dried plates
were treated with a 0.2% solution of bromocresol green in
96% ethanol to determine the presence of organic acids.

Quantitative analysis

An aliquot of 5.0 mL obtained extract was transferred
in a 100 mL flask and 45 mL of freshly boiled distilled
water (a bidistilled water was used in conductometric
titration was added and titrated with 0.05 mol/L NaOH
solution potentiometrically and conductometrically.

This equivalent volume was ascertained using a con-
structed differential curve plotted on the coordinates AE/
AV - V. (Fig. 1).

The sum of free organic acids (X, %) in equivalent of
citric acid in completely dry raw materials was found by
the expression:

(V,, ~V.)-0.0032- K -100 - 100 - 100
m-5-(100 - W) ’

where 0.0032 — the amount of citric acid, which is
equivalent to NaOH solution, g/mL; \& is the equivalent
volume of NaOH solution, mL; V_—the blank volume of
NaOH solution, mL; m —the mass of the raw materials, g;
K — correction coefficient; W — the loss in mass upon
drying, %.

The sum of free organic acids was also determined
by conductometric and indicator titration methods. The
method of obtaining the extract and the calculation of
the sum of free organic acids were as described above.
In the conductometric titration method, the equivalence

X (%) =

1,4 1,5 1,6 1,7

Titrant volume, mL

Fig. 1. The potentiometric titration curve

== 80

®diroTtepanis. Yaconuc

Ne 71,2023



Bionoria. Papmauin

point was determined using the constructed integral ti-
tration curve in the coordinates y, uS — V (Fig. 2) of the
amount of free organic acids were as described above.
In the conductometric titration method, the equivalence
point was determined using the constructed integral ti-
tration curve in the coordinates y, uS — V (Fig. 2).

The collected data was analyzed using Microsoft Ex-
cel 2010 and STATISTICA 6.0 software. The results were
presented as the mean value + confidence interval, based
on five measurements, with a significance level of p<0.05.

Results and discussions. Organic acids were iden-
tified by TLC in the mobile phase water/glacial acetic
acid/formic acid/ethyl acetate (26/11/11/100). Under
these conditions, organic acids are clearly separated. For
the detection of organic acids, UV light at a wavelength
of 254 nm was used. Dominant bands were observed
on the chromatogram with Rf = 0.40 (succinic acid),
Rf = 0.51 (citric acid), Rf = 0.58 (malic acid) and
Rf = 0.30 (oxalic acid). During development of the
chromatogram with a 0.2% bromcresol green solution,
yellow bands were detected on a blue background with
Rf = 0.40, Rf = 0.51, Rf = 0.58 and Rf = 0.30 (at the
level of similar succinic, citric, malic and oxalic acids,
respectively).

M.A. Komisarenko (Komisarenko et al., 2014,
pp. 291-295) identified organic acids in lingonberry
leaves by chromato-mass spectrometry with an esterifi-
cation stage. A total of 34 organic acids were identified,
of which 18 were fatty acids (caproic, lauric, myristic,

9-oxo-nonanoic, azelaic, palmitic, palmitoleic, stearic,
oleic, linoleic, linolenic, arachidic, 2-hydroxypalmitic,
cheneicosanoic, behenic, tricosanoic, gentisic, tetracos-
anoic acids), 8 aromatic acids (phenylacetate, salicylic,
benzoic, vanillic, m-hydroxybenzoic, p-coumaric, feru-
lic, a-furan acids), 5 saturated dicarboxylic acids (oxal-
ic, malonic, succinic, 3-hydroxy-2-methylglutaric, malic
acids), 1 saturated tricarboxylic acid (citric acid), 1 satu-
rated oxy-monocarboxylic acid (levulinic acid) and 1 un-
saturated dicarboxylic acid (fumaric acid). Compared to
our results, we were only able to identify 4 organic acids.
Fatty acids were not identified due to our study of water
extraction, and the chosen chromatographic system was
not capable of separating fatty acids, since the solvent sys-
tem is polar.

According to the results shown in the table 1, the
sum of free organic acids in equivalent of citric acid in
lingonberry leaves was 2.03+0.04%, 2.08+0.01% and
3.62+0.13% by potentiometric, conductometric and indi-
cator titration methods, respectively. The results obtained
showed the advantage of using the methods of conduc-
tometric and potentiometric titration in the quantitative
analysis of organic ‘acids due to their high sensitivity and
accuracy. The relative error of conductometric and poten-
tiometric titration did not exceed +1.83 and +0.67%, re-
spectively, which is notably lower than the titration error
when indicators are used, equal to +£3.62% (table 1).

M.A. Komisarenko (Komisarenko et al., 2014,
pp. 291-295) found that lingonberry leaves contain

Table 1
Results of quantitative analysis of the total content of organic acids in lingonberry leaves
Titration method X 52 S Sz Ax &,% X + AX
Potentiometry 2,03 0,00450 0,067 0,03 0,04 1,83 2,03£1,83
Conductometry 2,08 0,00062 0,025 0,01 0,01 0,67 2,08+0,67
with Indicator 3,62 0,05200 0,228 0,10 0,13 3,50 3,62+3,50
20
0
0,73 0,93 1,13 1,33 1,53 1,73 1,93 2,13 2,33 2,53 2,73
Volume of titrant, mL
Fig 2. The conductometric titration curve
®itorepanis. Yaconuc Ne 1, 2023 g1 mm
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2.43% organic acids. The main organic acid com-
pounds identified were oleic acid (0.49%), palmitic acid
(0.34%)), linoleic acid (0.48%), linolenic acid (0.48%),
stearic acid (0.16%), citric acid (0.11%), levulinic acid
(0.09%), and p-coumaric acid (0.05%). Compared with
our study results, the difference in sum organic acid
content was 16.46%, 14.40% and 48.97% for potentio-
metric, conductometric and indicator titration methods.
The difference in the values of the content of organic
acids is quite significant, and especially in the case of
the indicator method of titration. You need to understand
that, firstly, in the studies of M.A. Komisarenko et al.,
methylene chloride was used for extractions; secondly,
the extraction technique was also different. Thus, it is
impossible to determine the content of each organic acid

by the titrimetric method, but the amount of organic ac-
ids can be determined quite accurately.

Conclusions:

1. A thin layer chromatography technique was
utilized to identify the presence of oxalic, citric, malic
and tartaric acids.

2. Quantitative content of the sum of free organic ac-
ids in lingonberry leaves was 2.03%+0,04%, 2.08+0,01%
and 3.62+0,13% for potentiometric, conductometric
and indicator titration method, respectively.

3. The possibility of using the methods of conduc-
tometric and potentiometric titration in preliminary
studies for the quantitative analysis of the sum of or-
ganic acids in lingonberry leaves and their advantag-
es over the indicator titration method is shown.
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