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ABSTRACT

Background: Fish farming is a vital sector of the global food industry, facing the challenge of developing efficient,
chemical-free feeds for high-value fish species. To address this, innovative antimicrobials and antioxidants are crucial.
This study explores the antioxidant and anti-spoilage properties of novel N-containing derivatives of natural L-tartaric

acid (TA), a safe and widely used food additive.

Objectives: Current research is devoted to L-tartrates’ new derivatives’ anti-spoilage and antioxidant potential as an

innovative combined feed additive for fish farming.

Results: TA Cyclic imide obtaining modified technology was advised. According to the obtained results, TA itself didn’t
show antioxidant activity: nevertheless, in combination with new N-containing derivatives, it increased the antioxidant
properties of L-ascorbic acid by about 20%. The studied TA amino-derivatives have demonstrated the emphasized

activity against the fish-pathogenic Pseudomonas, Streptococcus, and other pathogenic microbes.

Conclusions: TA and tartrates, in combination with new N-containing derivatives generated based on the vital

compound colamine, have demonstrated several synergic antioxidant activities. They can be recommended for

potential application as a cheap and effective alternative to classical anti-spoilage and preservative agents for animal
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feed production. Also, they showed the prolongation of feed expiration periods. It will significantly increase the quality

of final fish products. A further detailed study of toxicological properties of amino derivatives is planned.
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INTRODUCTION:

The fodder components of fish feeds, including the
unsaturated fatty acids, amino acids, carbohydrates,
hormones, vitamins, carotenoids, and other bioactive
compounds (BAA) are exposed to intense oxidation
during storage and usage. These unwanted processes
result in the loss of valuable properties of fodder
components and the formation and accumulation of toxic,
dangerous products. It can significantly decrease the
quality of final fish production, which can negatively
affect human health [1-3].

Antioxidants, as bioactive compounds are very
important for normal and pathological processes of all
organisms, acting as inhibitors of oxidation processes [4-
6]. This is related to the oxidative spoilage and microbial
spoilage of food products [7]. They can have natural or

synthetic origins. A generalized definition of antioxidants

was proposed in 1995: "as any substance, in the presence
of low concentrations of which the oxidation process is
significantly inhibited or prevented" [8-10]. According to
this definition, not all the reducing agents involved in
chemical reactions can be considered as the antioxidants.
Antioxidants act as scavengers and neutralize the free
radicals, resulting in oxidation processes being slowed
down or completely inhibited. [11]. As a rule, free radicals
have one or more free electrons, they can attach an atom
or a whole molecule to them. Such phenomena in the
body lead to oxidative stress, which causes a number of
pathologies [12]. For this reason, antioxidants have a
crucial role as a factor in health protection, and the
balance maintained between the prooxidant and
antioxidant systems in all living organisms. Scientific

evidence suggests that antioxidants reduce the risk of
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chronic diseases, including cancer and cardiovascular
diseases. Additionally, they play a crucial role in aging
control processes  [13-14]. The global scientific
community is currently conducting extensive research to
develop novel antioxidant compounds with low toxicity,
focusing on their potential applications in the production
of food, animal feeds, and cosmetics [15).

The application of  synthetic and natural
antioxidants is employed to inhibit oxidative processes
and ensure the stability of food products. Natural
compounds frequently display antioxidant properties, yet their
effects can be ambiguous and context-dependent
[16-19]. Among such compounds (bio-antioxidants) are:
vitamins E, vitamin K, and vitamin Bs, flavonoids (so-called
vitamin P), lecithin and cefaline phosphatides, some
phenols and polyphenols, serotonin, adrenaline, some
amino acids and steroid hormones, benzoic acid, tannin,
colamine (ethanolamine) and a few others. Excessive
antioxidant intake can disrupt vitamin A synthesis from
carotene, affecting intestinal absorption
[20]. In aquaculture, antioxidant-supplemented fish feeds
frequently incorporate synergistic preservative additives,
specifically blends of organic acids (propionic, acetic,
formic, benzoic, sorbic, lactic, and citric) and their salts,
typically comprising up to 10% of the feed's total mass
[21-23). additives

However, these synergistic-mixture

exhibit a few technological complications, extrusion

drawbacks, corrosion of feeding equipment, the

likelihood of chemical burns, and sharp and unpleasant
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odors [24-25].

For food supplements, the allowable daily intake
(ADI) is a vital consideration. TA and its salts, being
naturally derived compounds, offer advantages from this
perspective [26]. Despite their natural origins, research
has shown that TA and its salts exhibit modest antioxidant
capabilities, highlighting the need for further
investigation. Meanwhile, research has demonstrated
that nutritional acids like citric acid, maleic acid, and
acetic acid enhance the antioxidant activity of classical
compounds (ascorbic acid, polyphenols, and carotenoids)
when used together [27]. Specifically, the food industry
utilizes TA and its compounds as harmless additives, such
as TA (E 334), sodium tartrate (E 335ii), sodium
hydrotartrate (E 336i), potassium tartrate (E 336ii),
potassium hydrotartrate (E 336i), potassium sodium
tartrate (E 337), and calcium tartrate (E 354). Their roles
as acidity regulators, preservatives, and stabilizers make
them suitable candidates for derivatization, enabling the
creation of novel biomolecules with optimized functions
[28-29]. Current research was devoted to the study of
natural compounds and their functional derivatives

application potential in feeds as anti-spoilage and

antioxidant agents.

MATERIALS AND METHODS:
Synthesis of Tartaric acid derivatives: TA and the studied

derivatives of it are presented on Fig 1.

Fig. 1. Tartaric acid (TA) and its derivatives.

A — (R,R)-L(+)-2,3-Dihydroxybutanedioic acid

(TA); B — 2-hydroxyethan-1-aminium(2R,3R)-3-carboxy-2,3-dihydroxypropanoate (TA

Colamine Complex); C — 1-benzyl-3,4-dihydroxy-pyrrolidine-2,5-dione (Benzylimide of TA or BI).
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Additionally, amino  derivatives of TA  were

synthesized using green chemistry technologies to
modify TA [30]. The reaction process was controlled, and
product formation was detected using a selective method
of light absorption with ultraviolet rays (UV-254). Thin-layer
chromatography (TLC) analyses were conducted on Silufol
UV-254 plates [31]. Visualization was achieved by spraying
with a 1% solution of ninhydrin to detect amines. Melting
points were measured using a Fisher-Johns device.
Subsequently, the molecular characteristics of the
2-hydroxyethan-1-aminium(2R,3R)-3-

target compound,

carboxy-2,3-dihydroxypropanoate and 1-benzyl-3,4-
dihydroxy-pyrrolidine-2,5-dione, were elucidated by
Nuclear Magnetic Resonance (NMR) analysis. The NMR
spectra were registered on a spectrometer Varian
Mercury-300 at operating frequencies 300.077 MHz (*H),
75.46 MHz (3C), and chemical shifts were reported with
respect to TMS (Tetramethylsilane) in CDCl; (Deuterated
chloroform). EACS and benzylimide were synthesized and
investigated as new nitrogen-containing derivatives of
natural tartaric acid. The synthesis modifications
proposed by us were based on methods described in the
literature [32].

(1-benzyl-3,4-

The process of TA benzylimide

dihydroxy-pyrrolidine-2,5-dione, also known as
Benzylimide of Tartaric Acid) synthesis was carried out by
following procedure: benzylamine (0.1 mol) and L-(+)-
tartaric acid (0.1 mol) was refluxed for 8 — 10 h using a
Dean-Stark apparatus. As the solvent o-xylene was used,
at the temperature 183 — 185 °C. The reaction mixture
was then cooled to ambient temperature, and the
resulting crystalline product was separated by vacuum
filtration. After washing portions of hexane, the filtrate
was recrystallized from an acetonitrile-toluene mixture

(viv = 1:1). The final product was obtained as a pale solid

powder with a 92% yield, m,=200 — 202°C. *H NMR
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spectrum in CDCls, 6, ppm (J, Hz): 4.38 (d, ) = 4.6 Hz, 2H, -
CH,Ph), 4.5 (d, J = 7.2 Hz, 2H, -CH-CH-), 6.3 (d, J = 5.3 Hz,
2H, -OH), 7.3-7.2 (m, 5H, ArH).

The process of 2-hydroxyethan-1-aminium-(2R,3R)-
3-carboxy-2,3-dihydroxypropanoate (TA Colamine
Complex) synthesis was carried out by the following
procedure: TA (0.1 mol) was dissolved in H,0 (30 mL) and
ethanolamine (0.1 mmol) was dissolved in EtOH (20 mL)
before two solutions were mixed and incubated in a cold-
water bath (at a temperature of -3 °C — 0 °C, created by
the mixture of ice and NaCl) for 1 h. The precipitated salt
was filtered off over suction and washed with diethyl
ether affording TA colamine complex in the form of white
crystals with a 95% yield, m,=181-182 °C. 'H NMR
spectrum in DMSO-ds (Deuterated dimethyl sulfoxide)
with addition of CF3COOH, &, ppm (J, Hz),: 2.8 (br.s., 3H,
N*H3-CHp-), 2.92 (m, 2H, N*H3-CH,-), 4.3 (s, 2H, HO-CH-
C00), 7.8 (br.s., 3H, -OH).

Antioxidant activity assessment: Several methods assess
antioxidant capacity, including ABTS (2,2-azinobis (3-
ethylbenzothiazoline-6-sulfonic  acid), FRAP (ferric
reducing antioxidant power), CURPAC (cupric reducing
antioxidant capacity), and DPPH (2,2-diphenyl-1-
picrylhydrazyl) assays [33]. For this purpose, the
spectroscopic method was applied, using DPPH 0.2 mM
absolute  methanol solution [34-36]. All the
measurements we performed by the application of a
spectrophotometer in the visible region at 517 nm, which
corresponds to the absorption maximum of DPPH. The
DPPH radical scavenging activity was calculated using the

following equation (1):
DPPH scavenging effect (%) = {1'(Asample 517nm/AcantroI 517nm)}x100 (1)

Where: Acontror 517 nm represents the absorbance value of
the controlled reaction measured at 517 nm, using

distilled water in place of test sample. Asample 517 nm
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represents the absorbance value of the testsample,
measured at 517 nm, in presence of TA N-containing
derivatives.

All the measurements were repeated five times and were
performed at room temperature (23 °C). Photometric
Thermo Scientific

studies were conducted using a

Multiskan GO  spectrophotometer (517 nm). For
the assessment of its value, the aqueous solutions were
prepared by the consequent multiple dilutions of the initial
1 mg/mL ascorbic acid solution up to
concentrations of 10, 20, 40, 80, and 500 mcL, which were

also diluted to a total volume of 2000 mcL. The
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mentioned solutions were mixed with 0.2 mM methanol
solutions of DPPH. After the incubation of the mixture in
the darkness for 30 min, the optical densities (D) of all
the solutions were measured [37- 38].

Based on the collected data a grading curve was
constructed using the least squares to a linear
correlation in the concentration range 0 - 0.002 mg/ml
ascorbic acid (see Fig. 1, y = 35509 x + 0,5706, where
y is the light absorption number, correlation
coefficient R? = 0.9482). The mean relative deviation
was 2.23% (n = 5). The value of ECso for ascorbic acid

was defined as 0.0014 mg/mL due to the constructed

calibration curve.
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Figure 2. The graphical presentation of DPPH neutralization dependance from the concentration of ascorbic acid in the

titration solution.

Anti-spoilage activity test

The anti-spoilage efficacy of TA benzylimide and colamine
complex was assessed in two distinct feed formulations:
fish feed and chicken feed. MODUS GRANUM Company

(https://modusgranum.am/) supplied the feeds and their

compositions. Fish feed preservation utilized "Vitasil",
containing 40% formic acid, 30% acetic acid/peracetic
acid, 15% sodium formate, 2% sodium benzoate, and 13%
water (0.83% feed mass)

(https://agrovitex.ru/catalog/vitasil). ~ Chicken  feed

contained 0.5% sodium hydrosulfate. Tartaric acid

derivatives were added to the feed at 0.1% by weight.
During batch preparation at the plant, individual samples
were taken without antimicrobial additives, and then the
final form of feed was applied.

The testing derivatives of TA were added to feeds
without commercial antimicrobial additives using the
same methodology, which is used for the feed production
industry. To ensure uniform distribution, TA benzylimide
was dissolved in DMSO, and TA colamine complex in
water, as crystalline materials cannot be evenly dispersed

in feed. 10 grams of feed were taken, and pre-prepared
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solutions were added by spraying. Control samples
included a negative control, comprising 10 mL water, TA,
and DMSO, to assess the residual antimicrobial activity
and moisture effects. The study incorporated a negative
control sample, consisting of 10 mL water, TA, and DMSO,
to evaluate baseline antimicrobial activity and moisture
impact. For the positive control samples the commercial
preservative “Vitasil” was applied [39].

The resulting masses were transferred into small air-
permeable bags and stored in room conditions for 4

months. After 4 months, all samples were inoculated

onto the surface of solid sterile nutrient agarised cultural
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media (30 ml of meat peptone agar) in 90 mm
Petri Dishes then were incubated for 72 h at 30-37 °C in
aerobic conditions. After cultivation, the presence of
bacteria was recorded by growth detection, using
the method of counting of CFU (colony-forming unit)

[40].

RESULTS:

The results of the studies of pure TA, its
colamine derivative and TA benzylimide synergist
antioxidant activity as feed additives for chicken and

fish feeds are presented on Table 1.

Table 1. The comparison of the synergist antioxidant activity of tartaric acid (TA) derivatives.

N DPPH AA TA TA CC
1 2000 - - -

2 2000 = 40 =

3 2000 = = 40
4 2000 = = =

5 2000 40 40 =

6 2000 40 400 =

7 2000 40 = 40
8 2000 40 - 400
9 2000 40 - -

10 2000 40 = =

TAB W D517 S, %

= 2000 1.667 0

= 1960 1.664 0.2

- 1960 1.665 0.2

40 1960 1.666 0.1

= 1920 0.725 56.6

= 1560 0.674 59.6

- 1920 0.640 61.7

= 1560 0.573 65.7

40 1920 0.708 57.6

400 1560 0.621 62.8

N — sample number (1-6); S — scavenging; TA — tartaric acid water solution (1 mg/mL) in mcL; TA CC — tartaric acid colamine complex water

solution (1 mg/mL) in mcL; TA B — tartaric acid Benzylimide MeOH solution (1 mg/mL) in mcL; AA — Ascorbic acid water solution (1 mg/mL)

in mcL; DPPH — DPPH, MeOH solution (1 mg/mL) in mcL; W — water in mcL.
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The antioxidant activity measurements revealed that, in
the absence of ascorbic acid, neither pure TA nor its
and

derivatives (colamine

exhibited

complex benzylimide)

significant antioxidant properties.
Specifically,after 30 minutes of interaction with DPPH, no
substantial antioxidant effect was observed. The mean of

the difference of the optical density value for the
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observed solution was only 0.03 units Organic
acids are known to enhance ascorbic acid's
antioxidant activity through significant synergistic
effects [41]. As the next step of research, the anti-
spoilage properties assessment was carried out.

The results of anti-spoilage tests are presented in

Fig. 3.

Figure 3. Anti-spoilage test of TA derivatives, as the feed additive for different feeds.

A: Fish feed, B: chicken feed. Samples: 1 — the industrial feed composition without preservative additives; 2 — the industrial feed with

0.83% “Vitasil” preservative; 3 — the industrial feed composition with the addition of 0.1% TA; 4 — the industrial feed composition with an

addition of 0.1% TA colamine complex, 5 — the industrial feed composition with the addition of 0.1% TA benzylimide; 6 — the negative

controls with the addition of 10 ml water and DMSO.

According to the obtained data, in all test samples,
which contained the new synthetic derivatives of tartaric
acid, the growth of bacteria was less pronounced. The
maximum antimicrobial effect was expressed by TA
benzylimide, in which the minimum intensity of microbial
growth was demonstrated. Colamine complex of tartaric
acid was characterized by a low antimicrobial effect, but
it was more notable in comparison to samples with the
industrial compositions with “Vitasil” or sodium
hydrogen sulfate (or sodium bisulfate), preservatives
application [42].

The study of the anti-spoilage effect of TA N-

containing derivatives has demonstrated several

antimicrobial effects against spoilage microbes. It was

indicated that in the case of samples with N-containing TA

derivatives application, the titer of bacteria was 2.2 x 10?
— 2.5 x 102 CFU for 1 g feed, stored within four months.
For the positive control samples of the industrial feed
composition with “Vitasil” and sodium hydrosulfate
preservative the mean titer was 3.7 x 10> — 3.8 x 102
Analysis of the negative control samples, which consisted
of water and DMSO, yielded remarkably consistent mean
titer values, with a narrow range of 5.2 x 10? to 5.4 x 102

The results indicate that the residual antimicrobial
activity of DMSO does not substantially influence the
growth of feed spoilage microorganisms. In contrast,
humidity is a critical factor in their development and the
deterioration

subsequent of feed quality during

prolonged storage.
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DISCUSSION:

The absence of ascorbic acid revealed no antioxidant
activity in TA and its derivatives after 30 minutes of DPPH
exposure, yet synergistic effects emerged when they
were used together. The value of the optical density of
the solution was changed by about 0.03 units. Research
showed that TA colamine complex, TA benzylimide, and
pure TA exhibit marked synergistic antioxidant properties
when paired with ascorbic acid [43].

When applied at the same doses, or even at 10
times higher concentrations (400 mcL stock solution), the
TA colamine complex showed the maximum synergy
effect, exceeding pure TA by 5%. The TA benzylimide
effect was 1% higher. Our findings suggest that TA
derivatives outperform sodium sulfate, potentially
enhancing fish and chicken feed quality by replacing
sodium sulfate, which has several drawbacks (adverse
effects on animal blood biochemistry, etc.) [44-46]. In
accordance with that, TA N-containing derivatives
application potentially might increase the level of food
safety for humans.

Our comprehensive study demonstrates the
promising prospects of researching TA's biological
properties and synthetic derivatives, opening avenues for
innovative applications. Tartaric acid's dual antioxidant
and antimicrobial functionality presents opportunities for
improved food and feed preservation methods and the
creation of cutting-edge packaging solutions.

Studies on the antimicrobial properties of amino
derivatives of tartaric acid demonstrated effectiveness
against a variety of microorganisms, including fish
pathogens, human opportunistic pathogens, and
foodborne spoilage agents. The obtained data have

proved the presence of synergic antioxidant activity in TA
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and the colamine complex of TA. The creation of novel
tartaric acid derivatives, especially those with amine
functionality, represents a promising frontier in drug
design and synthesis. The compounds synthesized
demonstrate theoretical potential for varied biological
effects, applicable to multiple areas of agriculture and

healthcare.

Abbreviations: ABTS, 2,2-azinobis-(3-ethylbenzothiazo-
line-6-sulfonic acid), allowable daily intake (ADI); BAA,
bioactive compounds; CFU, colony-forming unit; CURPAC,
cupric reducing antioxidant capacity; FRAP, ferric
reducing antioxidant power; TA, L-tartaric acid; DPPH,

2,2-diphenyl-1-picrylhydrazine; MeOH, methanol.
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