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SEASONAL VARIATION IN THE ASCORBIC AND ORGANIC ACIDS
CONTENT IN SHOOTS OF HIGHBUSH BLUEBERRY CULTIVARS
DURING VEGETATION STAGES

Introduction. Ascorbic acid (AA) and organic acids (OA) are synthesized in all plants, and are an important
part of their metabolism, as well as an integral part of the metabolism of the human body. The study of the mechanisms
of action of highbush blueberry (HB) extracts is preceded by the most detailed study of the composition, in particular
AA and OA, the content of which may vary in different physiological phases of development.

The aim of the study — to determine the content of ascorbic and organic acids in the HB shoots of three varieties
at different stages of their physiological development.

Research Methods. The material for the study was shoots of blueberry (Vaccinium corymbosum L.) varieties
Bluejay, Bluecrop and Elliott. The AA content was determined spectrophotometrically; the content of OA was de-
termined titrimetrically.

Results and Discussion. As a result of the analysis, the level of AA and OA was almost at parity with each
other in investigated varieties of HB. The value of AA was recorded 42.61-83.62 mg-100 g* DW (the lowest is
(42.61+1.828) in IV phase) in Bluejay; 49.02-102.5 mg-100 g* DW in Bluecrop; 70.87-98.04 mg-100 g* DW in
Elliott. Changes OA contents were within 2.19-5.26 % in Bluejay; 3.12-7.83 % in Bluecrop, and 3.80-9.16 % in

Elliott.

Conclusions. Varieties of highbush blueberries with different fruit ripening dates differ in the content of AA and
OA in the shoots during the growing season. The shoots of V. corymbosum varieties Bluecrop. Bluejay, and Elliott
are sufficiently high in AA and OA during physiological development, and can be used for further research.

KEY WORDS: Vaccinium corymbosum L.; Bluejay; Bluecrop; Elliott; ascorbic acid; organic acids.

INTRODUCTION. Ascorbic acid (AA) is synthe-
sized by all plants is an integral part of metabolism,
as it is a co-substrate for the biosynthesis of plant
hormones (ethylene and gibberellic acid [1], a
cofactor of prolyl hydroxylase, which hydroxylates
posttranslationally the proline residues in glyco-
proteins of cell walls [2] and thus is responsible for
cell division and growth. The presence of several
(atleast four) alternative pathways of AAbiosynthesis
in plants themselves [2, 3], the main of which is
L-galactose [4], provide a balance between its
formation and usage. It is especially important that
in different organs of the same plant the synthesis
and accumulation of AA can occur differently: in
young organs it is usually more active than in old
ones [5]; and in generative organs, for example in
fruits of different species — its content may vary
depending on the development stage, leaf exports
and external conditions [3]. There are a lot of
confirmations, expressed more then two decades
ago about the fact that AA is an important non-
enzymatic element in the detoxification of excess
reactive oxygen species [6, 7], which can be formed
in plants under environmental stress [8-10]. It is
© N. Y. Yavorska, N. M. Vorobets, 2020.

believed that ascorbate can effectively regulate the
antioxidant metabolism in plants [7]. The mecha-
nisms of regulation of the AA pool in plants are
largely unknown, although the results of some
researchers suggest that photosynthetic electron
transport in chloroplasts is closely related to the
regulation of AA pool size in leaves [11], which
maintains the stability of some phenolic compounds
[12], and thus participates in the regulation of the
development plasticity and adaptation of plants in
normal and stressful environmental conditions.
Nevertheless an assumption that ascorbate status
influences gene expression in plants and mammals,
Smirnoff N. believes that “it most likely acts indirectly
by influencing the redox state of thiols and 2-oxo-
glutarate-dependent dioxygenases activity” (2018)
[13]. Detailed studies of the last twenty years show
that the AA pool depends on the level of its use
(oxidation) and/or effective regeneration [6] at
different stages of physiological development and
in different climatic conditions.

There is evidence that the metabolism of as-
corbic acid in plants is associated with the meta-
bolism of organic acids, eg. the oxalate and tartrate
are derived from ascorbate [14]. Organic acids are
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intermediates of carbon metabolism in plants and
key components in mechanisms of their tolerance
to environmental stress [15].

For humans and many animals, AA is an ess
sential substance because it provides the antioxidant
potential of their bodies, although itis not synthesized
or accumulated in them. However, changes in diet
with the inclusion of ascorbate-containing fruits and
vegetables have led “to a loss of selective pressure”
and to maintain the functioning of metabolic path-
ways using ascorbate [16]. As a cofactor of oxida-
ses, monooxygenases, and dioxygenases, ascor-
bate is involved in the prevention of scurvy [3] and
cancer [17]. AA is indispensable in collagen
biosynthesis [18] and carnitine [19]. In addition to
the major role of antioxidant and cofactor in redox
reactions, recent reports have shown the important
role of ascorbate in activating epigenetic mechanisms
that control cell differentiation, the dysregulation of
which can lead to the development of certain
cancers [3]. AA belongs to bioactive compounds
and together with other groups (in particular
polyphenols, flavonoids, minerals with antioxidant
properties) is of great interest to nutritionists and
food technologists due to the possibility of using
them as functional ingredients of foods — nutra-
ceuticals, which could reduce some risks and im-
prove health [20].

In mammals, the metabolism of ascorbic acid
and organic acids is also linked [21]. Organic acids
in the human body activate the salivary glands, bile
and pancreatic juice secretion, have a bactericidal
effect [22]. Therefore, it is important to know the
content of both ascorbic and organic acids in plant
materials.

Highbush blueberry Vaccinium corymbosum L.
(Ericaceae) is an aboriginal species of the American
continent, which is now widely cultivated in the world
and in Ukraine, as over the past century, created
several hundreds of its varieties with delicious and
healthy fruits. The biological value of the fruits of
highbush blueberries is determined by the complex
of BAS, however fruit ripening occurs in a certain
seasonal period, their collection and storage is quite
expensive, while the content of some biologically
active compounds decreases significantly over time
[23], and shoots are available throughout the year.
This aspect is important because the content of
BAS determines the value of the plant as a medicinal
raw material or feed, and chemical composition of
shoots is conditioned genetically (cultivar) and can
change during physiological phases. All of the above
has led to interest in studying the AAand OA content
in shoots of highbush blueberries, which are a
source of different groups of phenolic compounds,
pigments, minerals [24, 25] and can potentially be
a medicinal or/and feed plant material.

The aim of this study was to determine the
content of ascorbic and organic acids in the shoots
of highbush blueberries of three varieties at different
stages of physiological development.

RESEARCH METHODS. The materials for the
research were highbush blueberry (V. corymbosum)
varieties Bluejay (early ripening) Bluecrop (Bluecrop)
(medium ripening) and Elliott (late ripening), which
were obtained in vitro and grown on an experimental
plot from the manufacturer Berry Partner LLC (Lviv
region, Ukraine (49°79'28.01" N 24°0T00.39" E).
Samples of shoots 15-20 cm long were harvested
during 2018-2019 in phenological phases: flowe-
ring (1), fruiting (I1), after fruiting (Ill), the period of
preparing for winter dormancy (1V). Plant raw ma-
terials were dried in air in the dark at a temperature
of 22—24 °C to air-dry state and stored until use.

The ascorbic acid content was determined
spectrophotometrically by the method described
by Hewitt, Dickes, 1961 [26]. A portion of the plant
material was homogenized with 2 % metaphos-
phoric acid in a ratio of 1:10 (weight:volume/g:ml).
The homogenate was transferred to a 50 ml volu-
metric flask. The volume was made up with 2 %
HPO, and 0.21 M Na,PO,, taken in a ratio of 3:2
(V:V, pH 7.3 repeted 7.4). The extract was centri-
fuged for 15 min at 3000 rpm, the optical density
was measured on a spectrophotometer at 265 nm
against the standard, the above solutions of HPO,
and Na,PO,, taken in the same ratio. The results
were calculated by the formula: AA content, uM =
extinction at 265 nmxV ml/molar extinction coeffi-
cient for AA at 265 nm. The molar extinction coeffi-
cient for AA at 265 nm and pH = 6.8 and above is
equal to 1.65-1.655%10% The AA content was
expressed in pg per g of dry weight (DW). A ca-
libration curve was used for comparison, the equa-
tion obtained for the calibration curve with ascorbic
acid has taken as standard: y=0.0927x+0.0303,
R?=0.9951.

Quantitative determination of the content of free
organic acids in air-dry plant raw materials was
performed by direct alkalimetric titration with sodium
hydroxide solution in the presence of indicators of
methylene blue and phenolphthalein [State Phar-
macopoeia of Ukraine, 2015 [27]. 10 ml aliquot of
the sample solution was pipetted into a 200 ml
conical flask and 100 ml of freshly boiled distilled
water, 6 drops of 1 % alcohol solution of phenol-
phthalein, 12 drops of alcohol solution of methylene
blue were added. The sample was titrated with
sodium hydroxide solution (0.01 mol-L*). The end-
point of the titration was identified as the first
permanent trace changed from green-blue to purple.
The titration was repeated with further aliquots of
sample solution until concordant results were
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obtained. The end point of titration in case of plant
sample varies according to the colour of the used
extract. The titration was considered complete when
the solution created a purple color that lasted for
longer than 20 seconds. The final volume of the
sodium hydroxide solution in the burette was
recorded. The difference between the initial volume
and the final one was calculated and used to
calculate the amount of the organic acids in
samples. The procedure was repeted 3 times. Malic
acid was taken as standard and the organic acid
content was expressed as malic acid equivalent
in % and dry raw materials. The equation of a
calibration curve for malic acid (within the limits
0.05-1.0 %): y=16.26x+0.310 (R?=l).

Statistical analysis of the results was performed
using the Microsoft Office Excel software package
(2007). The results are given as the meanzstandard
deviation (M£SD). Statistical certainty (significance)
of the obtained results was evaluated by t-test
(Student). The results were considered statistically
significant at p<0.05.

RESULTS AND DISCUSSION. Soil and climatic
conditions of the Western regions of Ukraine
correspond to the biological properties of Bluecrop,
Bluejay and Elliott varieties. For the purpose of their
detailed research we persued a study of ascorbic
and organic acids in their shoots at different phases
of physiological development, the results of which
are given in Table 1. In Bluejay, the AA content was
little different in phase I, 11, 1ll and was twice as low
in phase IV, and was relatively little different over
the years of observation.

In Bluecrop, the AA content in the shoots varied
in a different way in physiological phases and over
the years, although the level of content did not differ
much from Bluejay. In 2018, Bluecrop shoots had
the highest AA during fruiting, and in 2019, the

highest AA was during flowering and half as much
during fruit ripening. Arelatively high level of AAwas
in Elliott's shoots of both years. In general, the same
level of AA content was observed in the studied
varieties.

Total content of organic acids in the shoots of
investigated highbush blueberries is presented in
table 2. In the first year of our study, Bluecrop and
Bluejay had the highest content of OA in phase I,
in Il — 1.5-2 times lower, and in phase Il and IV,
the content increased again; in the second year of
the study, the OA content increased from | to lll. In
Elliott, the highest content of OAwas in the flowering
phase, lower in subsequent phases of development
and lowest in the dormant phase.

As far as raw material samples were taken from
plants grown under the same conditions, the
differences in AA and OA content may reflect the
genetic characteristics of the varieties. The level of
AA and OA in the shoots of varieties is relatively
high to be considered active in this plant material.
AA is a powerful antioxidant which protects the
human body from several diseases, in particular
induced by free radicals, and at the same time with
minimum or no side effect. The level of AA in the
shoots of both varieties indicates that it can have a
beneficial effect on human health due to the high
bioavailability and synergistic interaction with other
BAS in their composition as shown for other species
[28, 29].

Although ascorbic and organic acids do not a
very significant proportion of the total V. corymbosum
constituents, they make important contributions to
chemical properties of their extracts. OA used as
additives in food may change off internal equilibrium
in human body. Beneficial effects on intestinal health
and general metabolism of pigs' are known in used
organic acids, so natural source of them is valuable
[30]. Varieties of V. corymbosum require a more

Table 1 — The content of ascorbic acid in the shoots of highbush blueberries
in different physiological phases, mg-100 g DW (n=3)

. . Year
Variety Stage of vegetation 5018 5019

Bluejay | 71.52+2.093 76.41+2.448
1] 74.67+6.771* 69.57+1.119%**
] 83.621+4.785*+* 82.50+2.791 %+
[\ 55.00+3.974* 42.61+1.828***

Bluecrop | 62.07+0.263 102.5£1.670
1] 82.28+3.140*** 49.02+2.306***
1} 109.78+0.381*** 88.15+0.110***
I\ 93.99+5.613* 87.94+3.092*

Elliott | 70.87+0.209 75.33+0.279
1] 72.07+0.546*** 97.28+0.238***
1} 70.76+0.530** 84.13+0.410%**
[\ 85.00+0.241 %+ 98.04+0.398***

Note: 1. Stages of vegetation: flowering — |, fruiting — I, after fruiting — 11, the period of preparing for winter dormancy — IV.

2. *— p<0.05; ** — p<0.01; *** — p<0.001.
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Table 2 — Total content of organic acids in the shoots of highbush blueberries
in different physiological phases, % of DW in malate equivalent (h=3)

. . Year
Variety Stage of vegetation 5018 3019
I 6.09+0.550 2.19+0.502
Bluejay Il 2.71+0.336*** 2.91+0.462**
11 4.52+0.431** 4.24+0.778**
[\ 5.26+0.584*** 4.76+0.251*
| 5.37+0.605 3.94+0.337
Bluecrop I 3.63+0.550*** 3.12+0.463**
11 4.00+0.384* 4.04+0.502**
\Y 6.99+0.179** 7.83+0.463***
I 9.16+0.550 7.01+0.332
Elliott I 6.09+0.674*** 3.53+0.462***
Il 4.76x0.719*** 5.68+0.926***
[\ 3.80+0.827* 4.04+0.930***
Note: 1. Stages of vegetation: flowering — I, fruiting — Il, after fruiting — Ill, the period of preparing for winter dormancy — IV.

2.* — p<0.05; ** — p<0.01; *** — p<0.001.

detailed chemical characterization, given the im-
portance of their consumption.

CONCLUSIONS. Varieties of highbush blue-
berries with different fruit ripening dates differ in the
content of AA and OA in the shoots during the
growing season. The results of our investigations
demonstrate that the shoots of V. corymbosum
varieties Bluecrop, Bluejay, Elliott are sufficiently
high in AA and OA, and can be used for further
research of the mechanisms of action their extracts
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H. . ABopcbka, H. M. Bopo6elb
JIbBIBCbK HAL{IOHAﬂbHMM MEﬂMqHMM YHIBEPCUTET IMEHI JAHW/IA TAJ/INLBbKOIo

CE30HHI 3MIH! BMICTY ACKOPBIHOBOI TA OPTAHIUYHUX KUCJ/IOT
Y IMMAT'OHAX JIOXUHU BUCOKOPOCJIOI PI3HUX COPTIB ITPOTATOM ITEPIOJIY
BET'ETAIIIL

Pestome

Bcmyn. AckopbiHosa kuc/ioma (AK) ma opeaHiyHi kucsiomu (OK) cuHme3syrombCsi 8 yCiX POC/IUHAX | € BaXK/IU-
BOK YACMUHOI0 IX Memabos1i3My, & MakoX Hesi0'’€MHOK YacmuHOK Memabosii3My /1OCLK020 opaaHismy. Joci-
OXXEHHI0 MexaHi3MmiB 0ii Ix ekcmpakmis nepedye demasibHe BUBHeHHS ck/iady, 30kpema AK ma OK, smicm siKUX MOXe
3MiHIOBaMUCS Ha pi3HUX ¢hi3io/102iYHUX thazax Po3BUMKY.

Mema 0ocifXeHHs1 — BU3Ha4UMu 8MIiCm ackopbiHOBOI ma op2aHiyHUX KUC/IOm y ra2oHax /IOXUHU BUCOKO-
POC/I0I MpboX copmis Ha pi3HUX cmadisix ix ¢hi3io/102i4HO20 PO3BUMKY.

Memoodu docnioxeHHsi. Mamepiasom 07151 00CiOXeHHS 6y/lu nazoHU JI0OXUHU Bucokopocsioi (Vaccinium
Corymbosum L.) copmig bnwoxel, brokpon ma Eniom. Bmicm ackop6iHOBOI kucsiomu 8u3Haqasu Criekmpo-
ghomomempuyHUM MemodoM, ornucaHum Hewitt, Dickes (1961), sMicm op2aHidHUX KUC/IOM 8 eKkcmpakmax — 3a
JepxasHoro @apmakorieeto YkpaiHu (2015).

Pe3ynbmamu Ui 062o080peHHS1. OdepxxaHi pe3y/ibmamu npodeMoHcmpysasiu sucokul smicm AK ma OK y
ra2oHax /IoXUHU BUCOKOPOC/IOI docnidxysaHux copmis. [1id wac aHanizy scmaHoBsu/IU, Wo BiH malbke 36i2ascs 8
yux copmax. Bmicm AK nepebysas Ha pigHi 42,61-83,62 m2-100 2! cyxoi macu (CM) (HalHwk4ull noKasHUK —
42,61+1,82 me-100 2 CM y nepiod nid2omosku 00 3UMOBO20 CrOKOH) 8 copmi brodxed, 49,02-102,5 m2-100 *
CM -y copmi Brrokporn, 70,87-98,04 me-100 2t CM —y copmi Eniom. Bmicm OK 3miHr0B8ascsi 8 Mexax 2,19-5,26 %
y copmi brtooxel, 3,12-7,83 % — y copmi Btokporn ma 3,80-9,16 % — y copmi Eniom.

BucHosku. Copmu /I0XUHU BUCOKOPOC/10i 3 Pi3HUMU mepMiHaMmu 003pisaHHS 11/100i8 BIOPI3HAOMbLCS 3@ BMICIMOM
ackopbiHOBOI ma opaaHiYHUX KUC/I0m y na2oHax npomsi2oM nepiody sezemavyjii. Pesy/ismamu Halwo20 00C/TiOKeH-
Hs1 cgidyamb Mpo me, wo nazoHu V. corymbosum copmig Brrodxed, bokpon ma Eniom maroms docmamHbo
sucokull BMicm ackopb6iHOBOI U opaaHiYHUX Kuc/iom i MOXymb 6ymu BUKopucmaHi 07151 No0asibui020 BUBYEHHS
mMexaHi3mig Oif ix excmpakmisg 5K JliKyBa/lbHUX 3ac06i8 07151 NpoghilakKmuKU Pi3HUX 3axB0pHBaHb, MOB’SI3aHUX 3
Bi/IbHUMU padukasiamu ma ropyuweHHsIMU 0BMIHY PEYOBUH Yy /IOOUHU | MBapPUH.

K/TKOYOBI CNOBA: Vaccinium corymbosum L.; coptu Bniogxeii, Bntokpon, Eniot; ackop6iHoBa Kucio-
Ta; OpraHiyHi KMCnoTu.

H. N. ABopckas, H. H. BopooGel,
JIbBOBCKWN HAUMOHA/IbHbIVI MEAVNUWMHCKUN YHUBEPCUTET VIMEHU JAHWJIA TA/TMLUKOIO

CE30HHBIE U3BMEHEHWS COJIEP)KAHUSI ACKOPBMMHOBOI 1 OPTAHUYECKHNX
KUCJ/IOT B ITIOBETAX I'O/TYBUKU BBICOKOPOCJ/IOM PA3JIMYHBIX COPTOB
B TEYEHME ITEPOJA BETETALININ

Pesiome

BcmynneHue. AckopbuHosasi kucsioma (AK) u opaaHudeckue kucsomsi (OK) cuHme3supyromcesi 80 8CeX pac-
MeHUsIX U SI8/1H0MCS BaXXHOU Yacmblo UX Memabo/iu3mMa, a makxe Heombem/aeMol Yyacmbio Memabosiusma Je-
J10BEYECKO20 Op2aHu3Ma. ViccnedosaHu mexaHusmMos delicmsusi Ux 3kempakmos rnpedwecmsyem demasibHoe
usyyeHue cocmasa, 8 YyacmHocmu AK u OK, codepxaHue KomopbIx MOXem MeHSIMbCS 8 Pa3/IUYHbIX (hu3uo/102u-
YecKux ¢hasax passumus.

Llenb uccnedosaHusi — onpedesums co0epxxaHue ackopbuHOBOU U op2aHUYeCcKUX Kucsom 8 robezax 2o-
JIY6UKU BbICOKOPOC/10U Mpex COPmMOB Ha PasHbiX cmadusix UX hu3u0/102U4EeCKO20 pa3sumusl.

MemodbI uccsiedosaHus. Mamepuasom 07151 ucciedosaHusi 6bl/u nobeau 20/1y6uku sbicokopocsiol (Vaccinium
Corymbosum L.) copmos Bodxel, baokpon u 3aauomm. CodepxaHue ackopbuHoBol KUc/1ombl onpeodessisiu
criekmpoghomomempu4eckum Memodom, onucaHHbIM Hewitt, Dickes (1961), codepxaHue op2aHU4eCcKuUx Kucsom
B 3Kcmpakmax — no rocydapcmseHHol dapmakornee YkpauHsl (2015).

Pe3ysibmambi u obcyxoeHue. [onyqeHHble pe3yibmamabl IPO0eMOHCMPUPOBa/IU BbiCOKoe cooepxxaHue AK
u OK 8 nobezax 20/1ybuKU BbICOKOPOC/I0Ui Ucc/iedyeMbix copmos. Bo spemsi aHasiu3a ycmaHoB8U/IU, YMO OH o4Ymu

OPUTTHAJIBHI AOCII>KEHH
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cosradas 8 amux copmax. CooepxaHue AK 6b1/10 Ha yposHe 42,61-83,62 m2-100 &* cyxol macckl (CM) (cambili
HU3Kul rnokasame/sib — 42,61+1,828 m2-100 21 8 rnepuod nod20mosKU K 3UMHEMY IOKOK) 8 copme brirodxed,
49,02-102,5 me-100 2* CM — 8 copme brirokpon, 70,87-98,04 m2-100 2 CM — 8 copme 3a1uomm. CodepxxaHue
OK meHsiniock 8 npedenax 2,19-5,26 % 8 copme booxel, 3,12-7,83 % — 8 copme Brokpon u 3,80-9,16 % — 8
copme 3/s11uomm.

Bbi800b1. Copma 20/1y6UKU BbICOKOPOC/10li C pa3HbIMU CPOKaMU CO3peBsaHUsi /10008 OM/1IUYaI0MCS o cooep-
JKaHUI ackopbuHoBOoU U op2aHUYecKux KUC/10m 8 nobeaax 8 meveHue repuoda secemayuu. Pesysismams! Hawe-
20 ucc1edosaHus ceudemesibCmsyrom o mom, 4mo rnobeau V. corymbosum copmos brodxed, b/irokpon u 3/11uomm
umerom 00CcmMamoyYHO BbICOKOE CoOepxxaHue acKopObUHOBOU U 0p2aHUYeCcKux KUC/I0m U Mo2ym Bblmb UCMO/b308aHb!
07151 dasibHeliwea0 U3yvYeHus MexaHu3Mos 0elicmBsus UX 3KCMpaKmos Kak /ie4yebHbix cpedcms 07151 npoghusiakmu-
KU pa3/iuyHbIx 3a00/1e8aHull, cBsI3aHHbIX CO CBOOOOHLIMU padukasiaMu U HapyweHUsIMU obMeHa sewecms y Yesio-
BEKa U XXUBOMHBIX.

KNOYEBLIE CNTOBA: Vaccinium corymbosum L.; copta Bniogxeii, Bniokpon, 3nn1moTT; ackop6uHoBsas
KMUCNOTa; opraHnyeckue KUCNoThbl.
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