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ABSTRACT

Tea can contain biologically active compounds which phytotoxicity deserves attention.

The aim of the work was to study the phytotoxicity of black tea with herbal and fruit additives according to the
phytotest with Lepidium sativum L.

Methodology. Phytotoxicity was evaluated in a growth test with the test plant L. sativum, the seeds of which were
germinated on filter paper with the tested tea solutions. We studied 6 types of packaged black Ceylon tea without
additives (control) and with various herbal and/or fruit additives and natural flavorings, freely available in the retail
network of Ukraine. The test indicators were the germination energy of L. sativum seeds (3rd day of the study), seed
germination (5th day of the study), the length of the roots and the aerial part of the seedlings (the 5th day of the study).
Phytotoxic indexes were calculated - seed germination index and root length index. The results were processed
statistically.

Scientific novelty. The phytotoxicity of black tea with herbal and fruit supplements was investigated using a
growth test with L. sativum. The absence of phytotoxicity of the investigated tea variants was shown by the root length
index of L. sativum seedlings.

Conclusions. The study of phytotoxicity of black tea with herbal and fruit supplements according to the growth
test with L. sativum showed moderate toxicity based on the plant seed germination index in case of the mixture of black
and green teas with supplements of apple, cornflowers, pot marigold, safflower, rose and natural flavoring «Grapes».
However, according to the root length index of the seedlings, this tea did not show phytotoxicity, as did other tested
variants of black tea with herbal and fruit additives. Further detailed phytotoxicity studies of all constituent teas with
herbal and fruit supplements are needed. The risks of cornflower and safflower consumption by women should be
indicated on the packaging of products that contain them.

Key words: fruit supplements, herbal supplements, Lepidium sativum, phytotesting, tea

AHOTAIIA

Ya# Moke MiCTUTH 610/I0TIUHO aKTHUBHI CIIOJTYKH, piTOTOKCHUYHICTh IKUX 3aCJYTOBY€E Ha yBary.

MeTo10 po60TH 6yJi0 focaigKeHHS GITOTOKCUYHOCTI YOPHOI0 Yalo 3 TpaB'sHUMHU Ta GPYKTOBUMHU A06aBKaMHU
3a piToTectom 3 Lepidium sativum L.

MeTopouoria. ®iTOTOKCHYHICTh OLiHIOBAJIM y POCTOBOMY TeCTi 3 TeCT-pOCAHWHOI0 L. sativum, HaciHHS sIKOI
IpopolyBau Ha GibTpyBabHOMY Namnepi 3 L0C/iA>)KyBaHUMHU pO3YMHAMU 4ato. Jloc/izKyBaiu 6 BU/iB IaKETOBAaHOTO
YOPHOTO I[eHJIOHCHKOTO Yalo 6e3 /[06aBOK (KOHTPOJIb) Ta 3 Pi3HUMH TPaB'IHUMHU Ta/ab0 PpyKTOBUMH Z06aBKaMU Ta
INPUPOJAHUMHU apoMaTU3aTOPaMH, BIJIbHO JOCTYNHI y TOProBesIbHIM Mepexxi YkpaiHu. TecT-nokasHUKaMu 6yJi0 06paHO
eHeprilo mpopocTaHHd HaciHHA L. sativum (3-a gob6a mociimpkeHHs ), cxoxicTh HaciHHA (5-a mo6a AocuimkeHHs),
JIOBXKUHY KOPiHHSA Ta HaZj3eMHOI YaCTUHU NPOPOCTKiB (5-a fo6a focaimkeHHs). PodpaxoByBanu GpiTOTOKCUYHI iHAEKCH
- iHZeKC cX0XKO0CTi HAaciHHA Ta iHAEeKC JOBXUHU KOPiHHS. Pe3yibTaTh 06p06/1eHO CTaTUCTHUYHO.

HaykoBa HoBHM3Ha. [loc/ikeHO QITOTOKCHYHICTh YOPHOTO Yalo 3 TpaB'THUMU Ta GPYKTOBUMH /06aBKaMH 3a
pocToBUM TecToM 3 L. sativum. [loka3aHo BificyTHiCTb GITOTOKCUYHOCTI AOCJiI)KYBaHUX BapiaHTIB 4alo 3a iHJeKkcoM
JOBXHWHHU KOPIHHA NPOPOCTKIB L. sativum.
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BucHoBKkM. /[locaijpkeHHsT QITOTOKCHYHOCTI YOPHOrO 4Yarw 3 TpaB'sTHUMU Ta PPYKTOBHMH J06aBKaMMU 3a
pOCTOBUM TeCcTOM 3 L. sativum 1nokasaJio NOMipHYy TOKCUYHICTb 3a iHIEKCOM CX0>KOCTi HaCIHHS TeCT-POCJMHU JJid 4alo,
1110 € CyMiILILII0 YOPHOT'O Ta 3eJIeHOr0 YaiB 3 Jo06aBKaMU s16J1yKa, BOJIOLIOK, HariJj0K, cadiopy, TPOSIHAU Ta HATypPaJbHOIO
apomartusatopa «Bunorpaza». Ilpore 3a iHZEeKCOM [JOBXHMHH KOPiHHS NPOPOCTKIB 3a3HAaYe€HHWU 4Yall He NpPOSBUB
diToTOKCHMYHOCTI, IK ¥ iHIII AOCAiKYBaHI BapiaHTH YOpHOTO Yalo 3 TPaB'SIHUMHU Ta GPYKTOBUMU Jlo6aBKaMU. [1oTpi6HI
noJaJbllli JeTalbHi A0CAiI)KeHHS GITOTOKCUYHOCTI BCiX CK/Ia/[0BUX 4YaiB 3 TpaB'IHUMU Ta GPYKTOBUMHU [J06OaBKaAMU.
Pu3uku BXKMBaHHS BOJIOLIKHU Ta cadiopy *KiHKaMU MOBUHHI OYTH BKa3aHi Ha YIIaKOBI[i MPOAYKTIB, AKi IX MiCTATb.

Kiro4oBi ciioBa: Lepidium sativum, TpaB’siHi 1o6aBky, ¢piToTecTyBaHHSA, PPYKTOBI J06ABKH, Yail

Introduction

Tea made from the dried leaves of
Camellia sinensis L. is the second most
consumed beverage in the world after water
(McKay & Blumberg, 2002). Tea from China,
India and Sri Lanka, countries where current
regulations of pesticide use, worker protection
and environmental pollution often fall short of
international standards, consistently show
pesticide residues (Naik, 2015). Pesticide
residues, including chlorpyrifos, were recently
detected in Ukraine (Chernivtsi region) in
jasmine (originating from China) used in
various tea blends exported from the Federal
Republic of Germany (Shevchenko, 2024). The
Food and Drug Administration (in the USA)
constantly detects a high level of prohibited
compound residues in imported tea that
reaches the American consumer. In particular,
they detect permethrin (a synthetic pyrethroid
linked to cancer and endocrine disruption), DDE
(a metabolite of DDT, banned in the US in 1972),
heptachlor epoxide (a derivative of the pesticide
heptachlor, which was banned in the US for use
in agriculture as itself as a termiticide, due to its
carcinogenicity and persistence in the environ-
ment), as well as acetamiprid (a neonicotinoid,
toxic to bees). Given these concerns, consumers
should choose certified and labeled organic
products that prohibits residual pesticides and
is verified for producers' compliance with
organic management systems plans and
contains only permitted substances (Naik,
2015). Recently, it has been found that heavy
metals are a serious problem because they are
highly absorbed by tea plants, causing signifi-
cant risk of tea contamination (Han et al., 2005;
Shi et al,, 2008; Schwalfenberg et al., 2013).

The toxicity and safety of a number of teas
and herbal supplements were tested using a
bioassay method (Dosumuetal., 2010; Lee etal,,
2019; Li et al, 2019; Rojo et al, 2020;
Sotiropoulou et al., 2020; Sunandar & Alfarabi,
2021). Thus, using Vibrio fischeri as a test
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organism, toxicity was shown for aqueous
extracts of chamomile (Matricaria chamomilla
L., syn: Matricaria recutita) and sage (Salvia
officinalis L.), which are popular in herbal teas
(Sotiropoulou et al., 2020). When studying the
toxicity of different types of tea using shrimp
(Artemia salina L.) as a test object, they were
found to be safe (Dosumu et al., 2010). The
highest toxicity was noted for high concentra-
tions of caffeinated Tetley tea, decaffeinated
Tetley tea, and raw lemongrass, and the authors
emphasize the need for pre-dilution before
consumption (Dosumu et al., 2010). In a shrimp
(Artemia salina L.) bioassay, it was shown that
taxus herbal teas brewed at 75°C had a greater
toxic effect (290.58 ppm) compared to teas
brewed at 95°C (536.38 ppm) (Sunandar &
Alfarabi, 2021). The nontoxic safety of fermented
green tea with Aquilariae Lignum was shown in
a toxicological experiment with mice or rats
(Lee etal., 2019). It has also been shown on rats
that huanghuali (Dalbergia odorifera T. Chen)
tea shows no obvious toxicity (Li et al., 2019).
Oral administration of a concentrated mixture
of green tea polyphenols to mice potentiated the
toxic effects caused by intraperitoneal admi-
nistration of ebulin f. The obtained conclusions
raise questions about the abuse of concentrated
extracts of green tea as food antioxidant
supplements, in particular, when using medical
drugs affecting the gastrointestinal tract or
taking toxic compounds (Rojo et al., 2020). It is
known that a sensitive plant for toxicological
experiments is Lepidium sativum L. (Khan et al.,
2018; Bozym et al., 2021; Tkachuk et al., 2022;
Tkachuk & Zelena, 2023). Therefore, the aim of
this study was to investigate the phytotoxicity of
black tea with herbal and fruit supplements by
phytotesting with L. sativum.

Materials and methods

Test plant and research samples

Lepidium sativum was chosen as the test
plant, the seeds of which were placed in a
quantity of 10 pieces in a Petri dish on filter
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paper, which was moistened with the
investigated tea solution. The experiment was
repeated three times. We studied 6 types of
packaged black Ceylon tea without additives
(control) and with various herbal and/or fruit
additives and natural flavorings, freely available
in the retail network of Ukraine. The
investigated tea solutions were prepared as
specified by the manufacturer: 1 tea bag (2 g of
tea) was poured with 200 ml of boiled water and
infused for 3-5 minutes; then the solution was
cooled to room temperature and used in further
research. The names of the researched teas and
their manufacturers are withheld to prevent
accusations of advertising/anti-advertising. The
studied teas are conventionally marked from T1
(control) to T6. The composition of the studied
teas (according to the manufacturer) is as follows:

T1 - small Ceylon black tea;

T2 - small Ceylon black tea, small Chinese
green tea (10 %), chopped apple (1.5 %), flower
petals (cornflowers, pot marigold, safflower,
roses) (1.5 %), natural flavoring «Grapes»;

T3 - small Ceylon black tea, crushed
raspberry berries (5 %), safflower flower petals
(1 %), natural flavoring «Raspberry», natural
flavoring «Vanilla»;

T4 - small Ceylon black tea, chopped
berries in an equal portion (strawberry, rose
hip) (5 %), natural flavoring «Forest Berries»;

T5 - small Ceylon black tea, small Chinese
green tea (10 %), crushed strawberries (1.5 %),
cornflower petals (0.5 %), natural flavoring
«Strawberry»;

T6 - small Ceylon black tea, chopped fruits
in equal portions (pineapple and peach) (5 %),
orange peel (3 %), safflower petals (1 %),
natural flavoring «Peach», natural flavoring
«Passion fruit».

Test indicators and phytotoxic indices

The test parameters were the germination
energy of L. sativum seeds (3rd day of the
study), seed germination (5th day of the study),
the length of the roots and the aerial part of the
seedlings (5th day of the study) (Tkachuk et al.,
2022). Phytotoxic indices were calculated -
seed germination index (SGI) and root length
index (RLI) (Bagur-Gonzalez et al, 2011;
Tkachuk & Zelena, 2022; Tkachuk et al., 2022):

Nt(i)_Nc

sG1 = MO 1)
RLI = —Lt(f‘“ (2)

where Nt(i) and Nc - the number of germinated
seeds in experiment (i) and control, respec-
tively; Lt(i) and Lc - the average root length in
experiment (i) and control, respectively.

A scale was used to assess phytotoxicity
(Bagur-Gonzalez et al., 2011):

-0.25 < SGI or RLI < 0 - slight toxicity;

-0.5 < SGI or RLI < -0.25 - moderate toxicity;
-0.75 < SGI or RLI < -0.5 - high toxicity’

-1 <SGI or RLI < -0.75 - extreme toxicity.

Statistical data processing

The obtained results were processed
statistically (the arithmetic mean, the error of
the arithmetic mean, the significance of the
differences of the arithmetic means were
determined), as previously described (Tkachuk
& Zelena, 2023).

Results and Discussion

The results of the study of the phyto-
toxicity of tea solutions according to the growth
test with L. sativum are presented in Fig. 1 and
in Table 1.

Table 1
Test indicators of L. sativum and phytotoxic indices
The length of the
Research | The energy of . Root length
. snetsy », | Germination, % gt above-ground part, | SGI | RLI
option | germination, % mm
mm

T1 80.0+5.8 80.0+5.8 14.1+1.1 28.1%1.6 - -
T2 53.3 +3.3* 56.7 £ 6.7* 16.2+1.7 252+25 -0.29 | 0.15
T3 90.0 +10.0 90.0 +10.0 18.7 + 1.5* 278+ 1.5 0.13 0.33
T4 73.3+3.3 73.3+3.3 11.5+1.0 25923 -0.08 | -0.18
T5 70.0+5.8 70.0+5.8 13311 28921 -0.13 | -0.06
T6 73.3+6.7 73.3+6.7 11.3+£19 22.0+3.0 -0.08 | -0.20
Notes: — - the index is not calculated;

* — the difference is statistically significant compared to the T1 option
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Fig. 1. Seedlings of the test plant (5th day) growing on the tested tea solutions:
a—tea T1; b —tea T2; c — tea T3; d — tea T4; e — tea T5; f — tea T6

It was showed that the investigated tea
solutions did not affect the germination energy
and germination of L. sativum seeds, compared
to the control (T1), except for the T2 option
(Table 1). For variant T2, statistically significant
differences compared to the control are shown:
a 1.5-fold decrease in seed germination energy
and a 1.4-fold decrease in seed germination
(Table 1). According to the SGI phytotoxicity
index, tea is moderately toxic. At the same time,
according to the RLI phytotoxicity index, T2 tea
is not phytotoxic (Table 1).

All tested variants of teas did not affect the
test indicator of the length of the aerial part - no
statistically significant difference with the
control was noted. There was also no
statistically significant difference compared to
the control for the root length indicator, except
for the T3 variant (Table 1). It was established
that in variant T3 the length of the roots is
significantly longer (1.3 times), compared to the
control, phytotoxicity was not noted (Table 1).
In addition, there is a report that compost tea
increased the growth rates of 30-day-old L.
sativum: relative growth rate, specific leaf area,
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unit leaf rate and relative leaf growth rate
(Farzamisepehr et al, 2014). The authors
explain the observed effect of compost tea on
the growth of L. sativum plants by the better
availability of plant growth regulators and
humic acid, which is formed as a result of
increased microbial activity (Farzamisepehr et
al., 2014). Since the tested teas contain herbal
and fruit additives, it is important to analyze
their phytotoxicity separately.

In particular, among the additives
contained in the researched teas, safflower and
cornflower petals deserve special attention.
Among the chemical compounds of cornflower
flowers are: glycoside cyanarin, centaurin and
chicorin; anthocyanins pelargonin and cyanidin;
flavonoids luteolin, astragalin, kaempferol,
apiin, cosmosin, quercetin and rutin; cyanine
dye, saponins, resinous and pectin substances,
alkaloids, ascorbic acid, carotene and mineral
salts (Description and characteristics of the blue
cornflower plant, n.d.). Pre-sowing treatment
with alcohol extracts of plants of the genus
Cornflower (Centaurea L.) had an inhibitory
effect on the germination of garden cress seeds:
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at a concentration of 1 mg/ml, seed germination
decreased by 8-42 % compared to the control,
at 10 mg/ml - by 30-100 %. Suppression of
linear root growth of garden cress seedlings was
observed (by 35-52%) after pre-sowing
treatment of seeds with the studied extracts, as
well as accumulation of raw biomass of
seedlings and roots by 23-89 % (Rakhmaeva et
al.,, 2020). At the same time, there are reports
that extracts of cornflower plants did not show
phytotoxicity for the germination of garden
cress, but inhibited the growth of young plants,
especially roots. The greatest phytotoxic effect
was found for methyl-tert-butyl ether, where
inhibition of growth indicators was 35% or
more (Sharonova et al., 2021).

Safflower is considered a valuable source
of nutrients. It includes vitamins C, A, E, D, B12
and Bs; glycosides; trace elements (sodium,
calcium, iron, magnesium, potassium); lignan
alcohols;  polyunsaturated  fatty  acids;
flavonoids (luteolin, carthamidine and
isokarthamidine) (Safflower.., n.d.). Among
safflower compounds, sesquiterpene lactones
(secondary metabolites of safflower roots)
deserve attention, for which phytotoxicity was
noted against Lolium perenne, Lolium rigidum
and Echinochloa crus-galli - weeds in
agriculture (Rial et al.,, 2020). According to the
authors, the obtained data are the basis for the
development of future agrochemicals with
allelopathic activity based on natural products
without harming the environment (Rial et al,
2020). The remains of safflower shoots also had
an inhibitory effect on the test radish plant
(Motamedi et al.,, 2016). At the same time, it was
shown that the remains of safflower roots have

a higher level of allelochemical substances than
the remains of shoots (Motamedi et al.,, 2016).

Cornflower and safflower have restric-
tions for use by women. It is stated that corn-
flower, due to the content of cyan components,
is contraindicated during pregnancy and
breastfeeding (Description and characteristics
of the blue cornflower plant, n.d.). Safflower is
contraindicated for use during pregnancy and
heavy menstrual discharge (Description and
characteristics of the safflower plant, n.d.).
However, there is no information on the risks of
using a product containing cornflower and
safflower on the packaging of the tested teas. In
our opinion, manufacturers of teas containing
these plants should indicate the possible
dangers of their use and risk groups.

Conclusions

The study of phytotoxicity of black tea
with herbal and fruit supplements according to
the growth test with L. sativum showed
moderate toxicity based on the plant seed
germination index in case of the mixture of
black and green teas with supplements of apple,
cornflowers, pot marigold, safflower, rose and
natural flavoring «Grapes». However, according
to the root length index of the seedlings, this tea
did not show phytotoxicity, as did other tested
variants of black tea with herbal and fruit
additives. Further detailed phytotoxicity studies
of all constituent teas with herbal and fruit
supplements are needed. The risks of
cornflower and safflower consumption by
women should be indicated on the packaging of
products that contain them.
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