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Abstract: Kombucha is a fermentation product of sweetened tea with a symbiotic culture of acetic
acid and yeast bacteria, consumed worldwide for its health-promoting properties. Few reports can
be found about free amino acids among the health-promoting compounds found and determined in
kombucha. These compounds influence the sensory properties of kombucha, and they are precur-
sors of bioactive compounds, which have a significant role as neurotransmitters and are involved
in biological functions. The presented studies proposed a convenient, simple, and “more green”
procedure of the synthesis of amino acid derivatives, assisted by microwave energy, followed by
chromatographic determination. The structure of 1-Fluoro-2-nitro-4-(trifluoromethyl)benzene was
used as a suitable reagent for the derivatization of free amino acids in fermented kombucha beverages
prepared from selected dry fruit such as Crataegus L., Morus alba L., Sorbus aucuparia L., Berberis
vulgaris L., Rosa canina L., and black tea. The obtained results were discussed regarding the tested
beverages’ application as a source of amino acids in one’s daily diet. The obtained results point out
that the proposed microwave-assisted derivatization procedure prior to HPLC analyses allows for a
significant time reduction and the limitation of using organic reagents.

Keywords: free amino acids; 1-fluoro-2-nitro-4-(trifluoromethyl)benzene; microwave reactor; kombucha;
HPLC; NMR

1. Introduction

Kombucha is a mildly alcoholic, slightly sweet, acidic, and effervescent beverage
obtained by the fermentation of sugared tea (black, green, white, or oolong) by a symbiotic
culture of bacteria and yeast (SCOBY) [1,2]. This is not novel food, but it has re-emerged
since the 2000s as a popular lifestyle product with potential health benefits, produced
industrially and homebrewed globally. The high demand for this beverage is due to the
presence of some compounds (sugars, organic acids, ethanol, CO,, dietary fiber, amino
acids, essential elements, vitamin C, vitamin B derivates, antibiotic substances, hydrolytic
enzymes, and polyphenol) and good storage conditions [3]. According to Morales [4],
many people consume kombucha drinks, presuming they are a ‘functional food’. However,
these products have not been approved by institutions such as the EFSA and there is a
lack of clinical trial results that confirm the effectiveness of kombucha or its ingredients
on human health [4]. During the COVID-19 pandemic, the consumption of fermented
beverages has increased in many countries, as they have been reported to provide many
beneficiary effects [5]. In the literature [1-4], special attention was paid to the reported
antioxidant, immunomodulatory, antitumoral, hypocholesterolemic, antihypertensive, and

Materials 2022, 15, 7365. https:/ /doi.org/10.3390/mal5207365

https:/ /www.mdpi.com/journal /materials


https://doi.org/10.3390/ma15207365
https://doi.org/10.3390/ma15207365
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/materials
https://www.mdpi.com
https://orcid.org/0000-0002-5004-0161
https://orcid.org/0000-0002-4337-5676
https://orcid.org/0000-0003-2816-2303
https://doi.org/10.3390/ma15207365
https://www.mdpi.com/journal/materials
https://www.mdpi.com/article/10.3390/ma15207365?type=check_update&version=2

Materials 2022, 15, 7365

20f11

antimicrobial capacities of kombucha. Today, this beverage is prepared using different
herbal raw materials as the substrate which affects the type and content of the active
substances. Moreover, most of the research works have been focused on the antioxidant
activity and phenolic compounds [5]. Although kombucha has been researched in detail
concerning its many chemical compounds, there are not enough studies regarding the
determination of amino acids (AAs). These compounds reveal a significant role in biological
processes such as energy production, nutrient absorption, tissue growth, and the immune
function [6]. The hydrolysis of proteins during the production of kombucha from plant
material is related to the production of free amino acids (FAAs) due to the fermentation
process and the quality of the raw materials. Additionally, the duration of the beverage
contact with SCOBY is an essential factor for the levels of free amino acids which are
produced. Jayabalan et al. [7] determined the level of amino acids in tea fungus during
fermentation and observed that tea fungus is rich in these compounds.

Over the last few years, the determination of free amino acids has increased signifi-
cantly for the comprehensive analysis of nutritional issues. However, there is surprisingly
little which has been published about the FAA levels in kombucha beverages. These com-
pounds create sweetness, sourness, bitterness, and an umami taste in foods [8]. Moreover,
they are precursors of bioactive amines, which play a significant role as neurotransmitters
and are involved in biological functions. Yet, high amounts of these compounds in one’s
diet may cause adverse effects [9].

Many analytical methods for the determination of amino acids, starting with ion-
exchange chromatography followed by post-column derivatization with ninhydrin and
UV detection, have been reported in the literature [10]. Still, chromatographic methods
such as liquid chromatography [8,11-13] or gas chromatography [14,15] are generally used.
Non-chromatographic separation methods have also been used but less often, with the
most prominent being capillary electrophoresis [6,16,17]. Despite this, high-performance
liquid chromatography (HPLC) is the most implemented technique. The identification
and separation of amino acids is difficult due to their high polarity, low volatility, and
the absence of strong chromophoric groups. For this reason, all methods require the
derivatization stage of amino acids using appropriate derivatizing reagents. The numerous
derivatizing reagents with strong chromophore groups have been introduced and widely
accepted. Each has specific advantages and limitations such as a long derivatization
time, low stability, insufficient reproducibility, low derivative yield, and chromatographic
interference caused by the reagent [18]. In the case of AAs, the derivatization reagent
reacts with the amino acids” amine or carboxyl group. Unfortunately, some amino acids
have additional amines or carboxyl groups in their side chain, which can be related to
multiple derivatives.

According to our previous studies [19], we proposed 1-fluoro-2-nitro-4-(trifluoromethyl)
benzene (FNBT) as a derivatization reagent for the determination of free amino acids in
kombucha beverages. The proposed derivatization reaction is a process of nucleophilic
substitution, which is suitable for the reaction of amino acids. In the case of biogenic amines
derivatization, the reaction was rapid and proceeded efficiently at room temperature. More-
over, the obtained derivatives were stable and were suitable for elution in reversed-phase
HPLC [19]. However, this reagent has not been used so far for amino acid derivatization.
FNBT is a close analog of the Sanger reagent (2,4-dinitrofluorobenzene, DNFB), which
reacts with amino groups in amino acids to produce dinitrophenyl amino acids. Li et al.
used the Sanger reagent in the precolumn derivatization of amino acids in tea infusion [20].
The reaction was carried out at 60 °C for 60 min in the dark. FNBT and DNFB belongs to
halonitrobenzenes, a class of typical derivatization reagents that can specifically react with
amino groups.

The microwave technique has recently been used in derivatization for its considerably
short treatment time and low energy consumption. It has become a viable replacement to
conventional heating [21]. According to Sajid and Ptotka-Wasylka [22], the application of
microwaves, which perform the derivatization process under mild conditions and often
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accelerate the chemical conversion of analytes, is also in accordance with green analytical
chemistry principles. In addition, a strict control over the temperature and the time of
irradiation allows for focusing on a small sample volume, resulting in an increased precision.
This method was developed for the derivatization of AAs with DNFB before capillary
electrophoresis detection [23]. In this case, the process was not performed with a dedicated
microwave reactor but with a modified household microwave oven. Nevertheless, the
studies in the literature have indicated that the application of microwaves for amino acid
derivatization is still rare.

The goal of this paper was the chromatographic determination of free amino acids in
kombucha based on different dry fruits such as hawthorn (Crataegus L.), white mulberry
(Morus alba L.), red rowan (Sorbus aucuparia L.), barberry (Berberis vulgaris L.), dog rose
(Rosa canina L.), and black tea. According to our studies, there is no information about the
FAAs content in such beverages in the available literature. For this purpose, we proposed a
modified procedure of amino acid derivatization with FNBT using a microwave-assisted
method prior to HPLC. The FNBT derivatives of twenty-one amino acids were studied
under simple conditions in an aqueous medium. The obtained products were tested
on their purity, while the structures were confirmed by 'H, 13C, and 'F NMR spectra.
Finally, the reverse phase HPLC with UV-Vis detection was applied to determine the
obtained derivatives and food analysis. The achieved results were discussed regarding the
application of tested beverages as a source of amino acids.

2. Experimental Section
2.1. Reagents and Instruments

The analytical grade: arginine hydrochloride (Arg), aspartic acid (Asp), asparagine
(Asn), B-alanine (Ala), cysteine (Cys), glutamine (Gln), glutamic acid (Glu), glycine (Gly),
histidine (His), isoleucine (Ile), leucine (Leu), lysine monohydrochloride (Lys), methionine
(Met), ornithine (Ort), phenylalanine (Phe), proline (Pro), serine (Ser), threonine (Thr),
tryptophan (Trp), tyrosine (Tyr), valine (Val), 1-fluoro-2-nitro-4-(trifluoromethyl)benzene
(FNBT), ethyl acetate, acetonitrile (ACN, HPLC grade), methanol (HPLC grade), tetrahy-
drofuran (THF, HPLC grade), and deuterium oxide were purchased from Sigma Aldrich
(Poznari, Poland). Hydrochloric acid, boric acid, sodium tetraborate, sodium carbon-
ate anhydrous, and sodium bicarbonate were purchased from Alchem Grupa Sp. z o.o.
(Torun, Poland).

The microwave derivatization was performed with the microwave synthesizer Dis-
cover 2.0 (CEM Corporation, Matthews, NC, USA). The HPLC system (Shimadzu Corp,
Kyoto, Japan), equipped with an autosampler SIL-20AC HT and a photodiode multiwave-
length detector (SPD-M20A Prominence Diode Array Detector, Shimadzu Corp, Kyoto,
Japan) was applied. Analyses were carried out on an EC 250/4 Nucleoshell RP 18.5 um
(Macherey-Nagel, Macherey-Nagel GmbH&Co. KG, Diiren, Germany) at 35 °C. The chro-
matographic data were recorded and processed by the LC solution program version 1.23
SP. NMR spectra were recorded on a Bruker Avance III 400 MHz spectrometer (Bruker,
Ettlingen, Germany) at 400 MHz for 1H, 100 MHz for 13C, and 375 MHz for °F frequency
resonances at 298 £ 1 K using deuterium oxide as a solvent. The melting points were
obtained in open capillary tubes using electrothermal digital melting point apparatus
from Cole-Parmer Ltd., Staffordshire, UK, and are uncorrected. The specific rotation was
measured with a Bellingham and Stanley ADP400 series polarimeter (Bellinghent Stanley
Ldb. Tunbridge Wells, UK).

2.2. Preparation of Kombucha

The dry fruits of hawthorn (Crataegus L.), white mulberry (Morus alba L.), red rowan
(Sorbus aucuparia L.), barberry (Berberis vulgaris L.), dog rose (Rosa canina L.), and black tea
were used. About 5 g of the plant material was weighed on an analytical balance, crushed
in a mortar, and quantitatively transferred to a beaker filled with 200 mL of distilled boiling
water, stirred, and left to chill. The mixtures were transferred into a glass bottle (2 L), and
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10 mL of apple cider vinegar and 100 g of sucrose were added. Afterward to the mixture,
800 mL of distilled water was added, and SCOBY was introduced. The fermentation process
was carried out for 14 days at a temperature of 20-22 °C. After completion, the SCOBY was
removed and the kombucha was transferred into the storage bottle for further analysis.

2.3. Microwave Assisted Derivatization Process—General Procedure

In order to obtain the amino acid derivatives with FNBT, alkaline solution and 10%
excess of FNBT were applied (Scheme 1).

F3C

R
/'\ base, MW F3C R
F + HoN COOH
NO, N /LCOOH
< : NO;
FNBT amino acid

Scheme 1. The reaction of amino acid (1.5 mmol) with FNBT (1.65 mmol) was carried out in carbonate
buffer (pH = 10; 5 mL) at 130 °C (20 min) employing microwave (MW) irradiation. In the case of
amino acids with two amino groups (lysine and ornithine), an appropriate excess of FNBT (2.2 eq,
3.3 mmol) was used. The obtained derivatives are presented in Figure 1.

NO>
H
ReW! 0
n
N COOH
H hl COOH CF3
NO>

NO;

(a) (b)

Figure 1. Chemical structures of amino acids derivatives with FNBT; (a) (2-Nitro-4-(trifluoromethyl)
phenyl)-L-amino acid; (b) N?,N®®)-Bis(2-nitro-4-(trifluoromethyl)phenyl)-L-amino acid.

After the completion of the reactions, the solvent was removed on a rotary evaporator
under a reduced pressure, and the product was purified by column chromatography on
a silica gel. The structures of amino acids derivatives were confirmed by 1H, 13C, and
19F NMR spectra and characterized by optical properties and melting point temperatures.
Finally, the obtained products were dissolved in methanol (HPLC grade, 10 mL), and the
RP-HPLC-DAD technique was applied for analysis.

In the case of kombucha beverages, derivatization reactions were carried out in the
same way: 10 mL of the samples were mixed with carbonate buffer until the pH = 10,
and FNBT (300 pL) was added. The reactions were carried out at 130 °C for 20 min with
MW irradiation. Next, they were twice extracted with 10 mL of ethyl acetate, and the
organic layer was collected. The combined extracts were dried over anhydrous MgSO,
and evaporated to give a crude product. Finally, the obtained products were dissolved in
methanol (HPLC grade, 5 mL) and analyzed by RP-HPLC. Additionally, the lack of impact
of the organic reagents on the synthesis of the derivatives was confirmed by the reaction
performed with acetonitrile (1 mL).

2.4. Chromatographic Analysis

The obtained derivatives of amino acids were determined using RP-HPLC, as reported
by Li et al. [20]. The mobile phase was: 5 mM sodium acetate/tetrahydrofuran 95:5, v/v
(solvent A) and methanol/water 80:20, v/v (solvent B), and the gradient conditions were:
0 min A: 90%; 20 min A: 80%; 25 min A: 50%; 35 min A: 45%; 50 min A: 0%; and 60 min A:
90%. The total flow rate was 1 mL/min; the temperature was 35 °C; the injection volume
was 20 pL; and the detection wavelength was 254 nm. The chromatographic data were
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recorded and processed by the LC solution program, version 1.23 SP (Shimadzu Corp,
Kyoto, Japan).

2.5. Analytical Performance

Quantification was performed using the calibration curves of the respective AA stan-
dards. The calibration curves were constructed using the standard solutions of analytes in
the different concentration ranges (Table 1). The linearity, limits of detection, quantitation,
precision, and accuracy of the proposed method were verified. The amino acid derivatives
in the kombucha beverages samples were identified according to the retention times of the
corresponding standards. Five independent samples were used and analyzed in triplicate
for each of the tested beverages. A one-way ANOVA was performed to determine the
significant differences between the data (p < 0.05).

Table 1. Statistical parameters of amino acid calibration curves.

. . Retention Time Linear Range DL QL
Amino Acids + SD [min] [mg-L*I]g R? [mg-L-1] [mg-L-1]
Asp 7.16 +0.23 10.91-90.89 0.9971 2.11 7.04
Glu 12.77 + 0.52 5.25-87.52 0.9983 1.41 4.71
Asn 23.48 £0.27 5.43-90.49 0.9954 2.39 7.95
Ser 26.86 £ 0.11 5.14-85.73 0.9998 0.49 1.64
His 29.28 +£0.12 10.17-84.73 0.9967 2.07 6.89
Gly 29.51 £0.10 5.29-88.09 0.9999 0.21 0.71
Thr 29.71 £ 0.05 5.57-92.75 0.9999 0.21 0.68
Cys 29.99 £ 0.06 4.92-82.00 0.9997 0.56 1.87
Ala 30.57 £0.10 3.84-64.05 0.9994 0.61 2.03
Pro 30.73 £0.12 5.90-98.39 0.9983 1.56 5.21
Tyr 3498 £ 0.25 4.70-39.15 0.9993 0.45 1.51
Met 40.42 £0.18 5.56-92.96 0.9997 0.61 2.03
Val 39.77 £ 0.15 9.87-164.50 0.9992 1.80 5.99
Trp 42.53 £ 0.06 10.47-87.23 0.9995 0.82 2.73
Ile 43.83 £0.20 10.22-85.19 0.9991 1.08 3.59
Phe 44.03 £0.30 4.92-41.03 0.9996 0.33 1.09
Leu 44.61 £0.31 5.16-86.01 0.9995 0.71 2.38
Gln 45.50 £0.10 6.07-50.57 0.9994 0.53 1.77
Arg 48.32 £ 0.46 4.20-70.01 0.9993 0.73 244
Ort 48.43 £0.08 10.68-88.99 0.9998 0.55 1.84
Lys 49.97 £0.05 6.02-100.28 0.9932 3.85 12.83

Where: R?>—coefficient of determination; DL—detection limit; and QL—quantification limit. DL =3 x (S, /X-a’l)

and QL =10 x (Sy /X~a_1), where Sy is the standard deviation of the incept of the calibration curve and
a is the slope of the calibration curve. Arg—arginine, Asp—aspartic acid, Asn—asparagine, Ala—alanine,
Cys—cysteine, GlIn—glutamine, Glu—glutamic acid, Gly—glycine, His—histidine, Ile—isoleucine, Leu—leucine,
Lys—Ilysine, Met—methionine, Ort—ornithine, Phe—phenylalanine, Pro—proline, Ser—serine, Thr—threonine,
Trp—tryptophan, Tyr—tyrosine, and Val—valine.

2.6. 1H, 13C, I9F NMR Studies

The 'H, 13C, and 1F NMR spectra for most amino acid derivatives from FNBT were
recorded in deuterated water. In the case of derivatives of several amino acids (e.g.,
methionine), due to its low solubility in deuterium oxide, methanol-d4 was used as the
spectral recording solvent.

3. Results and Discussion
3.1. Chemistry

The reaction of amino acids with FNBT follows the nucleophilic substitution mecha-
nism on the aromatic ring. In the case of FNBT, the fluorine atom undergoes nucleophilic
substitution with a free amino group derived from an amino acid. In the ongoing reaction,
it is essential to shift the acid-base equilibrium of the amino acid so that the amino group is
in a non-protonated form, which allows the nucleophilic substitution reaction to take place.
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The microwave-assisted derivatization (MAD) seems to be an alternative to the conven-
tional heating of the samples during the derivatization process due to several advantages:
a shortening of the reaction time, reduction in energy consumption, simplicity, efficiency,
elimination of side reactions, higher yield under milder reaction conditions, higher purity
of the products formed, and suppression in the rate of by-product formation [24]. In this
paper, we proposed a microwave-assisted amino acid derivatization with FNBT without
the application of other organic reagents. In order to obtain the best derivatization yield,
the reactions’ pH and the acetonitrile presence were tested. For this purpose, the solutions
of the selected amino acids (tryptophan, phenylalanine, lysine, and histidine) were mixed
with the appropriate amount of FNBT in the presence of borate (pH = 9; 5 mL) and carbon-
ate (pH = 10; 5 mL) buffers, and the conversions for these reactions were determined by
analyses of the 'H NMR spectra (Supplementary Materials, Table S1).

The obtained results indicated a pH value that = 10 (carbonate buffer) was the better
choice, whereas the presence of an organic solvent did not affect the synthesis of the AA
derivatives. It should be added that ENBT is insoluble in water. However, applying
microwave energy allowed the synthesis of the derivatives in the water environment
(aqueous solution) so that the final procedure could be simplified. The yield of the reaction
(Figure 2) varied from 96.54% (Asn) to 100% (Trp and Phe).

Leu

Thr Asn Lys Gly GIn His Arg Tyr Phe

Figure 2. The yield of the amino acid derivatives with FNBT.

3.2. Structural Characteristics of the Obtained Derivatives

For all amino acids with one free primary amino group in their structure, based on
the analysis of the number of signals and the integration of individual peak areas in the
'H NMR spectra, the substitution of one group derived from the derivatizing reagent
(FNBT) was unambiguously confirmed. On the other hand, in the case of basic amino
acids with two primary amino groups (lysine and ornithine), the number of signals and
their integration in the 'H NMR spectra confirmed the substitution of two aromatic groups.
In the case of amino acids with NH, groups of a non-amino nature (amide groups in
glutamine and asparagine, guanidine system in arginine), only the substitution of amino
groups in AAs was noted, which confirms the mechanism of nucleophilic substitution
in the aromatic ring. Moreover, in the case of lysine and ornithine, two signals from the
CF; groups with the same integration value are observed in the F NMR spectra. The
full description of 'H, 13C, and 'F NMR of amino acid derivatives are presented in the
Supplementary Materials.
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3.3. The Chromatographic Separation of the Amino Acids Derivatives

The results of the linear calibration ranges, coefficient of determination, DL and QL,
and the retention time for amino acids standard solutions using the HPLC procedure are
listed in Table 1.

In the proposed linear range, the response value was linearly regressed to the amino
acid concentration, and the linear correlation coefficient varied from 0.9954 (Asn) to 0.9999
(Gly, Thr). The coefficient of variation (CV) for the retention time is below 0.55% for all
tested amino acids, which indicates a good intraday repeatability. The calculated QLs were
sufficiently low for the determination of the amino acids (except Lys and Asn), whereas the
DLs were below the lowest concentration.

3.4. Determination of FAAs in Kombucha Beverages

The developed procedure was evaluated by an analysis of the free amino acids in
the kombucha beverages. Based on preliminary research, the derivatization process was
carried out in an aquatic environment and for comparison with 1 mL of acetonitrile. The
obtained results for the two samples: kombucha from hawthorn and black tea kombucha,
are listed in Table 2.

Table 2. Comparison of results for FAAs determination after derivatization procedure with and
without acetonitrile.

Kombucha Asn Ser His Cys Ala Pro Tyr Trp Ile Phe GIn Arg Ort Lys
Hawthorn* 1912 2952 2402 3662 442°2 nd 0862 29.902 17932 11.77* 1532 8.982 16.172 17122
CV (%) 5.95 448 1.98 2.73 2.78 - 147 3.14 1.99 5.19 2.15 7.42 5.55 0.15
Hawthorn ** 1942 2782 2402 3602 457°@ nd 0872 29.022 17482 11.86% 150b 1050 15523 17.082
CV (%) 4.23 2.92 4.56 2.59 2.38 - 154 2.03 2.66 6.98 2.29 7.65 4.24 147
Black tea * nd 1493 0372 2572 2202 2592 0382 2566P 25.072 9.112 0.09 @ 6.252 421P 17.592
CV (%) - 5.58 6.12 6.42 1.52 0.85 5.86 3.32 1.67 1.90 5.06 1.45 3.49 2.69
Black tea ** nd 1422 0382 2583 2212 275b (0373 26153 2728  9.122 0.112 6.292 3412 17.612
CV (%) - 2.38 6.79 6.46 1.60 0.89 4.83 3.34 0.98 1.74 10.12 1.45 3.20 2.94

Where: *—derivatization procedure without ACN; **—derivatization procedure with ACN. Each sample was
analyzed in five-fold; different letters (a,b) within the same column for the same sample indicate significant
differences (one-way ANOVA and Duncan test, p < 0.05).

The obtained results for the derivatization procedure in the water environment and
the presence of ACN are comparable (a one-way ANOVA and Duncan test). Statistically
significant differences for the determined individual FAAs in black tea kombucha after
two derivatization procedures were observed only for three amino acids (Pro, Ile, and
Ort), whereas for Arg in the hawthorn beverage. This suggested that the usage of MV
energy enabled the synthesis of the derivatives, despite the poor solubility of FNBT in
aqueous solutions.

The developed procedure was applied to determine the free amino acids in the re-
maining beverages. The obtained results are listed in Table 3.

Many studies on the relationship between diet and health increased the interest in
proposing new functional foods rich in nutrients. A plant-based edible such as kombucha is
recognized as potentially pro-health. Several factors impact the concentration of kombucha
constituents, such as the composition and concentration of raw materials, sugar concentra-
tion, fermentation time, and temperature. The typical production of kombucha beverages
is based on black, green, or oolong tea [1]. In this study, we proposed hawthorn, white
mulberry, red rowan, barberry, and dog rose as raw materials for kombucha production and
obtained results that were compared with black tea. It should be noted that there is very
little data on the content of free amino acids in these plants; moreover, the fermentation
process, temperature, and time influence the amount of the discussed compounds.

All analyzed beverages contained a significant number of amino acids. The total
amino acid content was the largest in the hawthorn kombucha, whereas the lowest was
in the barberry kombucha. The hawthorn is a valuable source of medicinal raw material
widely used for cardiovascular disorders, which indicates that the obtained product of
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fermentation of this raw material may reveal better health properties [25]. Moreover, the
tested product can supplement our diet with valuable ingredients, such as free amino acids.

Table 3. The level of free amino acids in tested beverages (X + SD; mg-100 mL ™).

Amino Acids Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
Asn nd 1.912 +0.11 nd 2.81P +0.03 3.12¢40.10 3584+ 0.15
Ser 2954 40,13 3.47¢€ +0.09 2964 +0.10 0.952 +0.03 1.69 € £ 0.02 1.52b 4+ 0.13
His * 2.40°¢ +0.05 0.58 € +0.03 1.459 4+0.04 nd 0.222 +£0.01 0.37° +0.02
Gly nd <DL <DL nd nd <DL
Cys 3.62¢+0.10 4604 +0.10 2282 +0.18 4644 +0.01 6.17¢ +0.11 2570 +0.16
Ala 4454 40.12 4534 40.10 4459 4055 1.432 +0.01 3.03¢+0.05 2200 +0.03
Pro nd 1.682 + 0.01 nd 247 +0.08 3374 4 0.04 259 ¢+ 0.02
Tyr 0.86 f +0.01 0404 +0.01 0.63¢€ £ 0.03 0.252 £ 0.01 0.32° +0.01 0.38 € £ 0.02
Met * <DL <DL 0.052 + 0.01 0.07° £ 0.01 <DL nd
Trp * 29.70f +£0.93 28.79 ¢ + 0.99 2357 ¢+ 0.37 18.29° + 047 15.192 + 0.55 25654 +0.85
Ile* 17.93 ¢ + 0.36 11.36 b + 0.24 15.744 4+ 0.18 10.28 2 + 0.56 14.72 ¢ + 0.58 25.07 f +0.42
Phe * 11.77° + 0.61 15.03 ¢ + 1.10 23.69 ¢ + 0.92 11232 +0.10 16424 +1.14 9112 +0.17
Leu* nd 3222 +0.16 436° 4+ 0.06 7.03 ¢ + 0.07 9.074 4+ 0.19 nd
GIn 1.52f +0.03 0.032 +0.01 0.06° +0.01 0.66 ¢ + 0.01 1114 +0.03 0.09 € 4+ 0.01
Arg 8.984 4+ 0.67 10.26 © + 0.60 591° +0.16 10.93 f 4+ 0.70 3212 4£0.15 6.25¢ +0.09
Ort 16.17 4 4+ 0.90 7.22°¢ 4 0.30 nd nd 6310 +0.25 4212 +£0.15
Lys* 17.124 + 0.46 6.442 4+ 0.01 8.12P +0.01 12.71¢ £ 0.52 12.16 € + 0.01 17.59 ¢ + 0.02
T FAAs 11753f+£075 99539 +0.90 93.25b 4+ 1.20 83.792 + 0.49 96.26€+125  101.15¢ +1.27
Y. Essential FAAs 7953 f+0.72 65.82P +1.10 77.614 +0.72 59.86 2 + 0.49 68.10¢ + 0.73 78.17¢ +1.76

Where: *—essential amino acid; sample 1—kombucha from hawthorn; sample 2—kombucha from white mulberry;
sample 3—kombucha from red rowan; sample 4—kombucha from barberry; sample 5—kombucha from dog rose;
and sample 6—black tea kombucha. ¥ gaas—sum of all free amino acids; £ ggsential FAAs—sum of essential free
amino acids including arginine. Each sample was analyzed in five-fold; different letters (a—f) within the same row
indicate significant differences (one-way ANOVA and Duncan test, p < 0.05).

The lower level of total FAAs in black tea kombucha (still, significant differences
between the results were calculated) was observed for white mulberry, followed by dog
rose and red rowan beverages. The mulberry is popular in European countries due to
its nutritiousness, deliciousness, safety, and abundant active benefits. The mulberry fruit
has indicated potent antioxidant, anti-inflammatory, hypolipidemic, neuroprotective, and
antitumor activities due to phenolic constituents (flavonoids, anthocyanins, and phenyl-
propanoids) [26]. In the case of dog rose and red rowan, both plants fruits have been used
in folk medicine for a long time. They are a good source of vitamins, polysaccharides,
organic acids, dietary polyphenols, and minerals. Moreover, the red fruits of dog rose are
rich in carotenoids, tannins, pectin, amino acids, and fatty acids [27]. Enriching kombucha
with ingredients derived from these fruits may be vital for our health.

Usually, nine protein amino acids (isoleucine, leucine, valine, lysine, methionine,
phenylalanine, threonine, tryptophan, and histidine) are considered indispensable. Lysine
and threonine are considered as strictly indispensable, whereas among the other amino
acids, arginine, cysteine, proline, tyrosine, glutamine, and glycine are classified as condi-
tionally indispensable, due to specific physiological and pathophysiological situations. The
highest and lowest amount of essential amino acids were determined in the same beverages
for the total content of FAAs. Interestingly, black tea kombucha was the second in content
for essential FAAs. Their content was similar to hawthorn and red rowan kombucha. It
should be added that the calculated ratio of total essential amino acids to the total content
of FAAs varied from 66% (white mulberry kombucha) to 71% (barberry kombucha), which
indicated that a high nutritional value characterized all tested beverages. They can be a
valuable essential amino acids diet supplement.

In the case of individual free amino acids, their contents varied between the tested
kombuchas. Among the tested FAAs, Asp, Glu, and Thr were not detected, whereas Val
was below the detection limit. Asp and Glu are non-essential amino acids under normal
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conditions, whereas Thr and Val must be provided in the diet. According to Jayabalan
et al. [7], tea fungus is rich in these compounds, and lysine was the dominant essential
amino acid, followed by isoleucine and leucine. In contrast, in non-essential amino acids,
glutamic acid, alanine, aspartic acid, and proline were present in higher concentrations.
However, in our study, the main amino acid in the four beverages was tryptophan, except
in red rowan and dog rose kombucha. Moreover, a higher Trp content than tea kombucha
was observed in hawthorn and white mulberry beverages. This amino acid is essential for
the proper functioning and maintenance of health, and after consumption, it is transformed
into bioactive metabolites, such as serotonin, melatonin, and kynurenine. According
to Friedman [28], dietary tryptophan and its metabolites seem to have the potential to
contribute to the therapy of many diseases (depression, autism, cognitive function, or
cardiovascular disease). Since Trp cannot be synthesized de novo and must be supplied
through the diet, its presence in tested beverages can be seen as another positive aspect of
the fermentation process. Moreover, dietary tryptophan is used for protein synthesis and
metabolized via the serotonin and kynurenine pathways [9].

Among other essential FAAs, Ile, Phe, and Lys were at a significant level, but their
content depended on the type of raw material. Ile was the second dominant amino acid
determined in hawthorn and black tea kombucha and the third in white mulberry, red
rowan, and dog rose beverages. This amino acid is one of the branched-chain amino acids.
It is critical for the physiological functions of the whole body. Moreover, it can improve
the immune system, including immune organs, cells, and reactive substances. On the
other hand, the results presented by Yu et al. [29] reveal isoleucine as a key regulator of
metabolic health and suggest reducing dietary isoleucine as a new approach to treating
and preventing obesity and diabetes. Apart from Ile, black tea kombucha was a rich Lys
source, showing a similarity with previous studies about tea fungus [7]. Alternatively,
Yilmaz et al. [9] determined free amino acids in a different tea and found Asp and Glu to
be higher when compared to other amino acids. Even so, in tested black tea kombucha,
these amino acids were not detected, probably because we did not test the tea leaves but
the obtained beverages.

Methionine was detected only in two samples: red rowan and barberry beverages at a
low level. It is an essential amino acid and considered to be one of the most harmful when
consumed in excess.

Histidine is classified as a nutritionally essential amino acid and must be obtained
from the diet. This AA is considered indispensable in healthy adults [30]. Higher dietary
histidine is associated with improved glucoregulatory outcomes. At low doses, histidine
may benefit the cognitive function and influence eating behavior. Based on the obtained
results (Table 3), a significant level of this amino acid compared to black tea kombucha was
observed for hawthorn and red rowan beverages.

Arginine was a conditionally essential amino acid, and it was determined in all sam-
ples, whereas its highest value was observed for white mulberry and barberry beverages. It
should be added that only dog rose kombucha was characterized by a lower value of Arg
compared to black tea. This amino acid, especially in the free form, has insulin-promoting
and secretory effects, promoting growth and wound healing. Arg may confer metabolic,
vascular, and immunological benefits for an individual in a state of stress [31]. In this
context, proposed beverages seem to be a better source of Arg than typical kombucha.

Apart from the vital role for the human body, free amino acids are precursors for bio-
genic amines; moreover, fermentation increases the formation of these compounds. Among
FAAs determined in our study, tryptophan, lysine, phenylalanine, histidine, tyrosine, and
ornithine are precursors for tryptamine, putrescine, phenylethylamine, histamine, tyramine,
and putrescine, respectively. These compounds have potential toxicological and health
implications on the human body. Yet, the number of articles and reviews that discuss the
concentration of Bas in kombucha is still limited [32].

It should be added that kombucha can be prepared using different raw materials as the
substrate. This beverage has many desired and confirmed effects on human health. How-
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ever, the antioxidant, antimicrobial properties, or probiotics effect was usually discussed
in addition to the physicochemical parameters. Additionally, the levels of organic acids,
vitamins, ethanol, lipids, proteins, polyphenols, and minerals were described. Surprisingly,
the number of studies related to the evaluation of the content of free amino acids is still
limited. Due to the constant popularity growth of kombucha and the ease of obtaining it,
both in controlled and home conditions, knowledge of the content of various components
that affect our health, including free amino acids, is increasingly important.

4. Conclusions

A simple and sensitive method of free amino acids determination using HPLC coupled
with FNBT microwave-assisted derivatization was proposed and applied to kombucha
beverage samples. The presented approach characterized a statistically acceptable precision,
accuracy, and sensitivity, and a significant reduction in the sample preparation time, due
to the use of microwave support, was achieved as well. A considerable advantage of
the microwave technique in synthesizing derivatives comes from eliminating the organic
reagents (environmentally friendly procedure), increased process efficiency, and overall
analysis time reduction.

The results indicated that using fruits as alternative substrates for kombucha beverages
was favorable due to the increased free amino acids levels. The study confirmed that most
tested beverages revealed a better or similar FAAs content than black tea kombucha.
Among the tested beverages, special attention should be paid to hawthorn kombucha as a
good source of free amino acids.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ma15207365/s1, Table S1: The reaction yields between FNBT
and amino acids under tested conditions; Yields; Melting points; Optical rotations, 1H, 13C, 19F NMR
spectra of all derivatives.

Author Contributions: Conceptualization, A.J., A.K.,, M.PK. and M.K,; data curation, A.J.; investiga-
tion, AJ., Z.G., K.B., AK., M.PK. and R.B.; methodology, A.J. and A.K; visualization, A.]. and A.K.;
supervision, A.]. and E.S.; writing—original draft, A.J., A K., M.PK., M.K. and E.S.; writing—review
and editing, A.J.,, AK.,, M.PK,, MK. and E.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was financially supported by National Science Centre, Poland holding the
decision number UMO-2020/39/B/NZ9/01694 [grant number 2020/39/B/NZ9/01694].

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Leal, ].M.; Sudarez, L.V,; Jayabalan, R.; Oros, J.H.; Escalante-Aburto, A. A review on health benefits of kombucha nutritional
compounds and metabolites. CyTA-]. Food 2018, 16, 390-399. [CrossRef]

2. Bertsch, P; Etter, D.; Fischer, P. Transient in situ measurement of kombucha biofilm growth and mechanical properties. Food Funct.
2021, 12, 40154020. [CrossRef] [PubMed]

3. Yildiz, E.; Guldas, M.; Gurbuz, O. Determination of in-vitro phenolics, antioxidant capacity and bio-accessibility of Kombucha tea
produced from black carrot varieties grown in Turkey. Food Sci. Technol. 2021, 41, 180-187. [CrossRef]

4. Morales, D. Biological activities of kombucha beverages: The need of clinical evidence. Trends Food Sci. Technol. 2020, 105, 323-333.
[CrossRef]

5. Abaci, N.; Deniz, ES.S.; Orhan, I.E. Kombucha—An ancient fermented beverage with desired bioactivities: Anarrowed review.
Food Chem. 2022, 14, 100302-100312. [CrossRef] [PubMed]

6. Bonke, A.; Sieuwerts, S.; Petersen, I.L. Amino Acid Composition of Novel Plant Drinks from Oat, Lentil and Pea. Foods 2020,

9, 429. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/ma15207365/s1
https://www.mdpi.com/article/10.3390/ma15207365/s1
http://doi.org/10.1080/19476337.2017.1410499
http://doi.org/10.1039/D1FO00630D
http://www.ncbi.nlm.nih.gov/pubmed/33978026
http://doi.org/10.1590/fst.00320
http://doi.org/10.1016/j.tifs.2020.09.025
http://doi.org/10.1016/j.fochx.2022.100302
http://www.ncbi.nlm.nih.gov/pubmed/35434600
http://doi.org/10.3390/foods9040429
http://www.ncbi.nlm.nih.gov/pubmed/32260282

Materials 2022, 15, 7365 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Jayabalan, R.; Malini, K.; Sathishkumar, M.; Swaminathan, K.; Yun, S.-E. Biochemical Characteristics of Tea Fungus Produced
During Kombucha Fermentation. Food Sci. Biotechnol. 2010, 19, 843-847. [CrossRef]

Gomez-Limia, L.; Cutillas, R.; Carballo, ].; Franco, I.; Martinez, S. Free amino acids and biogenic amines in canned european eels:
Influence of processing step, filling medium and storage time. Foods 2020, 9, 1377. [CrossRef]

Yilmaz, C.; Ozdemir, E; Gokmen, V. Investigation of free amino acids, bioactive and neuroactive compounds in different types of
tea and effect of black tea processing. LWT-Food Sci. Technol. 2020, 117, 108655-108662. [CrossRef]

Ferre, S.; Gonzalez-Ruiz, V.; Guillarme, D.; Rudaz, S. Analytical strategies for the determination of amino acids: Past, present and
future trends. J. Chromatogr. B 2019, 1132, 121819-121841. [CrossRef]

Zhou, P; Zhao, E; Chen, M; Ye, N; Lin, Q.; Ouyang, L.; Cai, X.; Menb, P.; Gong, X.; Wang, Y. Determination of 21 free amino acids
in 5 types of tea by ultra-high performance liquid chromatography coupled with tandem mass spectrometry (UHPLC-MS/MS)
using a modified 6-aminoquinolyl-N hydroxysuccinimidyl carbamate (AQC) method. J. Food Compost. Anal. 2019, 81, 46-54.
[CrossRef]

Gao, Y,; Tan, J.; Lu, J.; Sun, Z; Li, Z.; Ji, Z.; Zhang, S.; You, J. A novel fluorescent labeling reagent, 2-(9-acridone)-ethyl
chloroformate, and its application to the analysis of free amino acids in honey samples by HPLC with fluorescence detection and
identification with online ESI-MS. Anal. Bioanal. Chem. 2020, 412, 8339-8350. [CrossRef] [PubMed]

Ma, W,; Yang, B.; Li, ].; Li, X. Development of a simple, underivatized method for rapid determination of free amino acids in honey
using dilute-and-shoot strategy and liquid chromatography-tandem mass spectrometry. Molecules 2022, 27, 1056. [CrossRef]
[PubMed]

Wang, J.; Liu, S.M.; Long, J.; Lei, D.A.; Gao, E. Derivatization method for the determination of amino acids in tobacco by gas
chromatography—mass spectrometry. J. Anal. Chem. 2020, 75, 1046-1053. [CrossRef]

Ichihara, K.; Kohsaka, C.; Yamamoto, Y. Determination of proteinaceous free amino acids by gas chromatography. Anal. Biochem.
2021, 633, 114423-114426. [CrossRef]

Ta, H.Y,; Collin, E; Perquis, L.; Poinsot, V.; Ong-Meang, V.; Couderc, F. Twenty years of amino acid determination using capillary
electrophoresis: A review. Anal. Chim. Acta 2021, 1174, 338233-338280. [CrossRef]

Violi, ].P; Bishop, D.P,; Padula, M.P; Steele, J.R.; Rodgers, K.J. Considerations for amino acid analysis by liquid chromatography-
tandem mass spectrometry: A tutorial review. TRAC-Trend Anal. Chem. 2020, 131, 116018-116038. [CrossRef]

Qiu, X.; Reynolds, R.; Johanningsmeier, S.; Truong, V.-D. Determination of free amino acids in five commercial sweetpotato
cultivars by hydrophilic interaction liquid chromatography-mass spectrometry. J. Food Compost. Anal. 2020, 92, 103522-103531.
[CrossRef]

Jastrzebska, A.; Piasta, A.; Kowalska, S.; Krzeminski, M.; Sztyk, E. A new derivatization reagent for determination of biogenic
amines in wines. J. Food Compost. Anal. 2016, 48, 111-119. [CrossRef]

Li, N.; Liu, Y,; Zhao, Y.; Zheng, X.; Lu, J.; Liang, Y. Simultaneous HPLC determination of amino acids in tea infusion coupled to
pre-column derivatization with 2,4-dinitrofluorobenzene. Food Anal. Methods 2016, 9, 1307-1314. [CrossRef]

Xu, X.; Gao, J.; Cao, D.; Li, X.;; Zhao, X.; Yue, S.; Zhang, L. Designed 3D N-doped magnetic porous carbon spheres for
sensitive monitoring of biogenic amine by simultaneous microwave-assisted derivatization and magnetic-solid phase extraction.
J. Chromatogr. A 2022, 1667, 462882-462892. [CrossRef] [PubMed]

Sajid, M.; Plotka-Wasylka, J. “Green” nature of the process of derivatization in analytical sample preparation. TRAC-Trend Anal.
Chem. 2018, 102, 16-31. [CrossRef]

Li, X.-t.; Zhao, Y.5j.; Jiang, C.-f.; Zhang, H.-q.; Yu, A.-m. Determination of amino acids in Panax notoginseng by microwave hydrolysis
and derivatization coupled with capillary zone electrophoresis detection. Chem. Res. Chin. Univ. 2013, 29, 434-438. [CrossRef]
Meera, G.; Rohit, K.R.; Saranyaa, S.; Anilkumar, G. Microwave assisted synthesis of five membered nitrogen heterocycles. RSC
Adv. 2020, 10, 36031-36042. [CrossRef] [PubMed]

Khokhlova, K.; Zdoryk, O.; Vyshnevska, L. Chromatographic characterization on flavonoids and triterpenes of leaves and flowers
of 15 crataegus L. species. Nat. Prod. Res. 2020, 34, 317-322. [CrossRef]

Xu, X.; Huang, Y.; Xu, J.; He, X.; Wang, Y. Antineuroinflammatory and antioxidant phenols from mulberry fruit (Morus alba L.).
J. Funct. Foods 2020, 68, 103914-103923. [CrossRef]

Ozdemir, N.; Pashazadeh, H.; Zannou, O.; Koca, I. Phytochemical content, and antioxidant activity, and volatile compounds
associated with the aromatic property, of the vinegar produced from rosehip fruit (Rosa canina L.). LWT-Food Sci. Technol. 2022,
154, 112716-112727. [CrossRef]

Friedman, M. Analysis, nutrition, and health benefits of tryptophan. Int. J. Tryptophan Res. 2018, 11, 1-12. [CrossRef]

Yu, D.; Richardson, N.E.; Green, C.L.; Spicer, A.B.; Murphy, M.E,; Flores, V.; Jang, C.; Kasza, I.; Nikodemova, M.; Wakai, M.H.;
et al. The adverse metabolic effects of branched-chain amino acids are mediated by isoleucine and valine. Cell Metab. 2021, 33,
905-922. [CrossRef]

Moro, J.; Tomé, D.; Schmidely, P.; Demersay, T.C.; Azzout-Marniche, D. Histidine: A systematic review on metabolism and
physiological effects in human and different animal species. Nutrients 2020, 12, 1414. [CrossRef]

Baxter, ].H.; Johns, PW. Determination of free arginine, glutamine, and 3-alanine in nutritional products and dietary supplements.
Food Anal. Methods 2012, 5, 821-827. [CrossRef]

Bishop, P; Pitts, E.R.; Budner, D.; Thompson-Witrick, K.A. Chemical composition of kombucha. Beverages 2022, 8, 45. [CrossRef]


http://doi.org/10.1007/s10068-010-0119-6
http://doi.org/10.3390/foods9101377
http://doi.org/10.1016/j.lwt.2019.108655
http://doi.org/10.1016/j.jchromb.2019.121819
http://doi.org/10.1016/j.jfca.2019.05.007
http://doi.org/10.1007/s00216-020-02969-y
http://www.ncbi.nlm.nih.gov/pubmed/33029671
http://doi.org/10.3390/molecules27031056
http://www.ncbi.nlm.nih.gov/pubmed/35164320
http://doi.org/10.1134/S1061934820080171
http://doi.org/10.1016/j.ab.2021.114423
http://doi.org/10.1016/j.aca.2021.338233
http://doi.org/10.1016/j.trac.2020.116018
http://doi.org/10.1016/j.jfca.2020.103522
http://doi.org/10.1016/j.jfca.2016.02.012
http://doi.org/10.1007/s12161-015-0310-8
http://doi.org/10.1016/j.chroma.2022.462882
http://www.ncbi.nlm.nih.gov/pubmed/35149412
http://doi.org/10.1016/j.trac.2018.01.005
http://doi.org/10.1007/s40242-013-2325-2
http://doi.org/10.1039/D0RA05150K
http://www.ncbi.nlm.nih.gov/pubmed/35517065
http://doi.org/10.1080/14786419.2018.1528589
http://doi.org/10.1016/j.jff.2020.103914
http://doi.org/10.1016/j.lwt.2021.112716
http://doi.org/10.1177/1178646918802282
http://doi.org/10.1016/j.cmet.2021.03.025
http://doi.org/10.3390/nu12051414
http://doi.org/10.1007/s12161-011-9318-x
http://doi.org/10.3390/beverages8030045

	Introduction 
	Experimental Section 
	Reagents and Instruments 
	Preparation of Kombucha 
	Microwave Assisted Derivatization Process—General Procedure 
	Chromatographic Analysis 
	Analytical Performance 
	1H, 13C, 19F NMR Studies 

	Results and Discussion 
	Chemistry 
	Structural Characteristics of the Obtained Derivatives 
	The Chromatographic Separation of the Amino Acids Derivatives 
	Determination of FAAs in Kombucha Beverages 

	Conclusions 
	References

