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durance of animals by frequency of falling from the treadmill, we can con-
clude that compared with untrained animals, trained rats receiving FRBJ had
three times higher levels of endurance. Conclusion: Consumption of FRBJ
led to increased muscle strength in rats and the ergogenic effect of the prod-
uct was significantly higher in combination with physical activity.

Keywords

Red Beetroot, Ultrafiltration, Running Trained Rats, Muscle Strength,
Endurance, Anabolic Effect, Glutamic Acid

1. Introduction

The public’s interest in using red beetroot as a means of increasing muscle
strength and endurance manifested itself only about 20 years ago. In folk medi-
cine, red beetroot juice is mainly used as an anti-anemic agent [1]. However, un-
til recently, this fact practically has not been studied. In a series of experiments,
it was observed that beet juice stimulates the absorption of iron (ions) in the in-
testine and increases blood hemoglobin in iron-deficient individuals [2]. The
functional properties of red beet juice (RB]) are usually associated with a group
of red pigments-betacyanins, mainly betanin, which determines the antioxidant
effect of beetroot [3]. The ergogenic effect of RBJ is associated with nitrates, pre-
viously considered as a contaminant of vegetables. A report about a significant
increase in the endurance of cyclists under the influence of red beet juice has
been published [4]. Since that time, beet juice has become one of the most popular
juices among athletes’ cost-effective drink, which exhibits anti-inflammatory,
antioxidant, and vasodilatation property [5]. Studies have been done to modify
the functionality of beet juice using unconventional technologies. Experiments
with red beet juice water or ethanol extract gel filtration on Sephadex, which
aimed to isolate “active fractions” to increase the juice functionality, did not give
the desired result [6]. However, the idea of red beet juice fractionation seems
promising. Recently, using diafiltration [7] and ultrafiltration [8] methods, it
was possible to divide beet juice into fractions based on molecular weight and
study the biological effects of the various fractions. After a series of experiments,
it was found that the low-molecular fraction of red beet juice was characterized
by modified biological effects. For example, the fraction of beetroot juice which
was obtained by ultrafiltration at cut-off-point 20 kDa. The ability to modulate
the differentiation of rat bone marrow mesenchymal multipotent cells in vitro,
increase blood microcirculation, and stimulate active iron transport in chick’s
duodenum is 2.5 times more effective than native beet juice [2]. The present
study evaluated the effect of fractionation based on molecular mass of red bee-
troot juice (FRBJ) as well as on the physical strength and endurance of rats (run-
ning) trained under aerobic loading conditions in a laboratory experiment for
the first.
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2. Material and Methods
2.1. Ethics Statement

All experimental procedures were approved by the Animal Ethics Committee of

the Food and Veterinary Department, Ministry of Agriculture in Latvia.

2.2. Animals and Experimental Design

Laboratory male Wistar rats were used for the investigation. Sample of 5-week-old
animals with body weight of 160 g were used in the study. Sixty rats were ran-
domized into 6 groups of 10 heads in each. Group 1 (control)—healthy rats,
which were fed standard rat chow (protein 20%, total fat 4.8%, carbohydrate
59.4%, fiber 13%, energy value 14.0 MJ/kg). Group 2 (control trained)—healthy
rats, which were fed the same standard rat chow. In addition, group 3 and 4 were
administered per os 0.5 ml fractionated red beetroot juice (FRBJ), but group 5
and 6—native red beetroot juice (RBJ) was administered 2 h before exercises.
Groups 2, 4 and 6 animals were trained using a motorized wheel with gradual
speed increase during the 4 weeks period: 20 min/day for five days a week. Mus-
cle strength of animals in all groups was measured by electronic dynamometry
using BIO-GS3 grip strength test version 3+ (BIOSEB, USA) and endurance of
rats was evaluated once a week using electrical stimulation on a racetrack which
moved at a speed of 15 m/min. The test, which lasted 20 min, was performed an
hour after the ingestion of RB] or FRB]J.

2.3. Biochemical and Physiological Assays

At the end of the experiment, biochemical blood indices, lactate, glucose, gluta-
mate dehydrogenase, urea, creatinine, iron were determined on the analyzer
ILAB 300 Plus (Instrumentation Laboratory, USA). On the last day of the expe-
riment, heparinized blood was drawn for blood element analysis on Cell-Dyn®”
3700 (Abbott, USA). Venous blood oxygen partial pressure (pO,) was analyzed
using a gas analyzer RapidLab” 1265 (Siemens, Germany). Animals were eutha-
nized by transcervical dislocation an hour after determining the performance
and blood sampling [9]. Adipose tissue was collected from the abdominal cavity
and weighed, and parameters of the right and left gastrocnemius muscle weight

and animal body weight gain were determined.

2.4. Fractionated Red Beetroot Juice (FRBJ) and Native Red
Beetroot Juice (RBJ)

The tested FRB] was prepared using previously described method [2]. The
chemical composition was analyzed for the original (native) and fractionated
juice. Total sugar and reducing sugar were determined by a Modification of So-
mogyi-Nelson Method [10], respectively. Ethanol was determined by AOAC
Official Method 942.06. Protein in RBJ as well as in FRB] was measured using
KT 200 Kjeltec™, but total and free amino acids were determined using ion ex-

change chromatographic method by an Amino Acid Analyzer T339 (Mikro-
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techna Praha) AOAC Official Method 985.28. The content of the following
amino acids was determined: aspartic acid, threonine, serene, glutamic acid,
proline, glycine, alanine, valine, methionine, isoleucine, leucine, tyrosine, phe-
nylalanine, histidine, lysine and arginine. The content of pigment betalain com-
ponents (red betanine and yellow vulgaxanthin-I) in juice was determined using
the spectrophotometric method [11]. Betain was determined using high perfor-
mance liquid chromatography coupled with mass spectrometry [12]. The total
phenol concentration was determined according to Singleton et al [13]. The to-
tal phenol content was expressed as gallic acid equivalent to 100 ml of FRB]
sample (mg GAE/100 ml FW). Flavonoid concentration was measured by
Canadanovi¢-Brunet ef al. method [14]. Total flavonoid content was expressed
as mg rutin equivalents (RuE) per 100 ml of FRBJ. Iron (Fe) concentration was
measured with an atomic absorption spectrophotometer (Perkin-Elmer, Analyst
700) [15]. Nitrate concentration was analyzed following the ion chromatograph-
ic method based on EN 12014-2 “Determination of nitrate and/or nitrite con-
tent, Part 2” 2017 [16].

2.5. Statistical Analysis

All statistical analyses were performed using the software Statistica 7. Results of
body weight and visceral fat mass of rats and biochemical parameters are pre-
sented as means + SE. Multiple group comparison was done using one-way
ANOVA and Post-hoc Tukey HSD test. Statistical significance was attributed to
P <0.05.

3. Results

Table 1 shows the data for chemical composition of native and fractionated red
beet juice. The most significant differences in the chemical composition of RBJ
and FRB]J were found for glutamic acid, of which the content was 19.3% (total
content) in the ultrafiltrate and 67.2% (free amino acid) higher than the native
juice (Table 1). The content of reducing sugars, iron and nitrates in both juice
variants was the same.

During the experiment, changes in the physical strength and endurance of
animals were observed. Under the influence of FRBJ (group 3), the muscle
strength of the front paws increased by 22%, and all paws, by 21%. In trained
animals (group 4), this indicator was 38% and 26%, respectively. The effect of
native juice was less pronounced than that of fractionated juice. This was ob-
served both with and without running performance.

Assessing the endurance of animals by the frequency of falling from the
treadmill, the differences between the 3rd and 4th groups were found to be ap-
proximately double due to the influence of FRBJ. If we compare the 1st (control)
and 4th groups in terms of the frequency of falling from the treadmill, we can
conclude that compared with untrained animals, trained rats receiving FRBJ had

three times higher level of endurance (Table 2).
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Table 1. Chemical composition and energy value of native red beetroot juice and fractio-
nated red beetroot juice.

Fractionated red

Ingredient Red beetroot juice beetroot juice P-value

Protein, g/100ml 1.51 £0.03 1.68 £ 0.03 0.03

Total amino acids, g/100ml 1.45+0.14 1.71 £ 0.10 0.14

including glutamic acid 0.72 £ 0.07 1.01 £ 0.12 0.038

Betanin, mg/100ml 59.6 £ 1.2 68.5+1.8 0.04

Vulgaxanthin-I, mg/100ml 344+1.0 32.7£2.0 0.47

Betaine, mg/100 ml 158.3 +21.8 185.0 +19.7 0.39

Sugar (total), mg/100ml 6.3+0.7 4.6 +0.9 0.17

Phenols (total), GSE* mg/100ml 609 +1.2 51.4+1.4 0.014

Flavonoids (total), **RuE mg/100ml 40.8+1.0 344 +0.3 0.044
Energy value, kcal/100ml 30.35 23.13

*gallic acid equivalent; **rutin equivalent.

Table 2. Effect of native red beetroot juice (RBJ) and fractionated red beetroot juice (FRBJ)
intake on physiological parameters of the trained (for 1 month) in a motorized wheel la-

boratory rat.

Muscle strength, g Muscle strength Physical stamina

Group of rats gain**/body (number of falling
Front paws ~ All paws together weight gain ~ from a racetrack)

1 (control) 2547 £17.1  554.8 £18.3°  1.05 £ 0.07° 69.0 +10.2°
2 (trained) 297.4+102° 605.0+17.9®° 1.27 +0.08>¢ 40.0 + 6.5°
3 (+FRBJ) 297.8 +12.2° 6129 +18.5°  1.22+0.05°¢ 46.0 + 11.1*°
4 (trained + FRBJ) 353.4 +£23.8*° 671.4+226*  1.67 +0.16° 23.0 + 4.6°
5 (+RBJ) 272.1+14.1>  587.5+9.8° 1.14 + 0.08° 54.3 + 8.3*°
6 (trained + RB]) 307.3+11.9° 610.6 + 14.5° 1.29 +0.05° 35.8 + 7.1%¢

*Statistically different or similar within column according to Post-hoc Tukey HSD test (p
< 0.05). **All paws together.

In trained rats (group 4), lactate reducing effect of FRB] was more pro-
nounced than for RBJ (Table 3).

The level of iron in the blood was stable in all groups, but in group 4, it was
19% lower than the control group (Table 4).

Data on the dynamics of the body weight of rats during the experiment shows
that both training and consumption of both types of juice contributed to an in-
crease in the body weight of rats. Training animals contributed to an increase in
body weight, most likely due to an increase in muscle mass, as evidenced by the
dynamics of changes in calf muscle mass in trained rats of group 2. Regular sup-
plementation with FRBJ also led to an increase in body weight, mainly due to

growth of adipose tissue (Table 5).
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Table 3. The effect of native red beetroot juice (RBJ) and fractionated red beetroot juice
(FRBJ) intake on blood indices in rats.

Group of rats Hb, g/dL  RBC, M/uL Lactate, pO,, mmHg Glucose,
mmol/L mmol/L

1(control) 129+ 05%  6.6+03° 63+04* 625+7.5 47+04°
2 (trained) 13.1+£02°  7.8+0.2° 69+0.3 60.1+3.0° 4.3+04°
3 (+FRBJ) 132+0.1° 71405 61+05® 668+45 49+0.3°

4 (trained + FRB]) 13.4+0.2° 7.9+0.4* 59%0.3" 709+32*° 4905
5 (+RBJ) 13.0+£0.2° 72403 62+04*® 643+2.0° 50%02°
6 (trained + RB]) 13.1+0.3* 7.3+02* 61+0.3*® 67.1+3.7° 49+0.3

*Statistically different or similar within column according to Post-hoc Tukey HSD test (p
< 0.05).

Table 4. The effect of native red beetroot juice (RBJ) and fractionated red beetroot juice
(FRBYJ) intake on blood biochemical indices in rats.

Group of rats Glutamate Urea, mmol/L Creatinine, Iron, mmol/L
dehydrogenase, mmol/L mmol/L

1 (control) 5.90 + 0.20* 8.09+0.46* 0.06 +£0.01° 683+ 15.2°

2 (trained) 5.42 + 0.54%° 7.89 +0.30° 0.06 +0.02** 69.2 + 13.1*

3 (+FRBJ) 5.43 + 0.61*° 7.01 +0.47*® 0.05 +0.02*® 70.2 +17.1°

4 (trained + FRBJ) 5.01 +0.30° 5.29 +0.65° 0.04 +0.01> 552+ 14.5°
5 (+RBJ) 5.47 + 0.20*° 7.64 +0.34* 0.05+0.01** 714+ 10.7°

6 (trained + RBJ) 5.26 + 0.33*° 6.99 + 0.40° 0.05 +0.02** 68.7 + 14.5°

*Statistically different or similar within column according to Post-hoc Tukey HSD test (p
< 0.05).

Table 5. Effect of native red beetroot juice (RBJ) and fractionated red beetroot juice
(FRBJ) intake on calf and visceral adipose tissue mass of the trained (for 1 month) in
motorized wheel laboratory rats.

Group of rats Mm. Gastrocnemiusweight, g Visceral adipose tissue weight, g
1 (control) 0.52 +0.12% 4.80 £ 0.82*°
2 (trained) 0.73 + 0.26*° 4.42 + 1.60*°
3 (+FRB)) 0.58 +0.13° 5.21 + 0.81°
4 (trained + FRBJ) 1.15 £ 0.20° 3.04 +0.91°
5 (+RBJ) 0.59 + 0.24° 5.01 + 0.99*°
6 (trained + RBJ) 0.88 +0.10* 4.15 + 0.86*°

*Statistically different or similar within column according to Post-hoc Tukey HSD test (p
<0.05).

The greatest changes during the experiment were due to the weight of the calf

muscle of rats. Regular running exercise caused a 29% increase in muscle weight
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(p < 0.05). The additional increase in m. gastrocnemius weight was also provided
by FRBJ - 12% (p > 0.05). However, the combination of physical activity and the
introduction of the red beet derivate led to an increase in the calf muscle mass by
121% within a month (Table 5).

Combination of running performance and the introduction of FRBJ led to a

significant (37%) reduction in visceral fat mass (Table 5).

4. Discussion

The desire to enhance the functional properties of beet juice necessitated the
need for new technological approaches in its processing. We have developed a
technology for ultrafiltration, which produces red beetroot derivative and allow
you obtain a product that has the ability to stimulate the absorption of iron in
the duodenum by a factor of 2.5 compared to native juice [17]. This study ex-
amined the ergogenic properties of FRBJ in the context of physiological and bi-
ochemical changes in rats which were trained in a motorized wheel with gradual
speed increase for 4 weeks.

Changes in the physical strength and endurance of rats receiving FRBJ] may be
associated with the influence of betaine to a certain extent. Although, the litera-
ture data on the mechanism of betaine’s influence on skeletal muscles are con-
tradictory. On the one hand, it is reported that betaine supplementation en-
hances skeletal myogenesis in mice [18], however, ducks showed only an in-
crease in antioxidant activity and muscle content [19]. A systematic review on
the effect of betaine on muscle strength shows that the stimulating effect has not
yet been proven [20].

Is there any reason to link the differences in the ability to stimulate the
strength and endurance of native and fractionated beet juice with its amino acid
composition? Among the amino acids in terms of ergogenicity, beta-alanine [21]
stands out, which is included in the composition of sports nutrition products
and whose effect is confirmed by a systematic review and meta-analysis [22].
However, in our study, the content of beta-alanine in the studied products was
the same. A more likely stimulant is glutamic acid, as evidenced by recent stu-
dies [23].

In our experiment, running training led to an increase in the physical strength
of animals, both for front and all legs at the same time due to the synergistic ef-
fect of exercise and FRBJ. The frequency of rats falling off the treadmill is af-
fected by regular running performance (group 2) and beet product (group 3)
separately, they had an equal effect, but both factors together (group 4) doubled
the endurance index (Table 2). This phenomenon is most likely the result of
several factors: an increase in skeletal muscle mass, a slowdown in aerobic oxid-
ative deamination of amino acids, as evidenced by a decrease in glutamate dehy-
drogenase activity and urea content in the blood of rats in group 4 (Table 4). A
decrease in urea levels in the blood may indicate an anabolic effect of FRBJ. This

phenomenon is also described by trained people and may be a reflection of de-
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creased glutamate dehydrogenase activity [24].

It can be assumed that FRB] contributed to the improvement of skeletal mus-
cle oxygenation. Trained rats which received red beetroot product were charac-
terized by a minimum level of lactate and a maximum partial pressure of blood
oxygen (Table 3). This fact can be explained both by a higher level of blood
oxygenation under the action of FRBJ and by the influence of betaine contained
in beet juice, which inhibits the growth of lactate in the blood after exercise [25].
Due to the action of nitrates of beet juice which occurred during intense exer-
cise, the microvascular RBC muscle concentration increased [26]. This explains
the conclusion of Papadoupolos ef al [27] that beetroot juice promotes oxygena-
tion and increases muscle strength during sustained isomeric exercise but does
not affect the effectiveness of the oxidative processes of muscle tissue during re-
laxation.

Endurance training improves skeletal muscle blood flow and increases oxygen
supply to myocytes during muscle contraction [28]. FRBJ potentiated the ana-
bolic effect of physical activity, and the main role is performed by nitrates, which
after bioconversion into nitrites, are a source of nitric oxide—a vasoactive sub-
stance and a powerful stimulator of microcirculation. A transient decrease in
oxygen availability due to a drop in PO, during muscle contraction is one of the
main causes of reduced endurance, ie. ability to perform repetitive tasks. Re-
duced NO bioavailability and prolonged muscle metabolic recovery are com-
monly observed in ageing and diseased populations [29]. In relation to stimula-
tion of microcirculation, beetroot juice is more effective than sodium nitrate in
its pure form [30].

The safe daily dose of nitrates allowed in the EU countries is 3.7 mg/kg body
weight [31], although, sports nutrition containing 400 mg/100 ml of nitrates is
offered on the market [32]. Taking into consideration information about possi-
ble risks [33], it is not advisable to get carried away with high doses of nitrates to
achieve an ergogenic effect. The FRB] studied in this paper contained about 120
mg/100ml. Despite the discovery of nitrate’s role in red beetroot juice induced
vasodilation, we are far from a complete understanding of the mechanism of red
beetroot product’s impact on the cardiovascular system. Bahadoran et al [34]
made a systematic review and meta-analysis results demonstrate the blood pres-
sure-lowering effects of red beetroot juice and highlight its potential nitrate-
independent effects. Of all nitrate rich vegetables, precisely red beetroot provides
the most significant microcirculation stimulation. It seems Beta vulgaris specific
effects are the result of a complex impact of a few biologically active substances.
The degree of increased blood flow and oxygen delivery to the muscles under the
action of beet nitrates depends on the type of muscle fibers. In this respect, the
calf muscles of rats are more sensitive to the action of beet juice than the flound-
er muscle (m. soleus) [28]. According to modern concepts, vasodilators (nitric
oxide), anaerobic energy sources (beta-alanine) and organic osmolytes (betaine)
have the best effect in terms of stimulating muscle mass gain [35]. There is rea-

son to believe that other biologically active substances, in addition to those men-
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tioned above, can increase the strength and endurance of skeletal muscles. So,
exercises are a factor that induces oxidative stress, leading to a reduction in force
generation and increased muscle atrophy [36]. On the other hand, the resulting
reactive oxygen species (ROS) stimulate the synthesis of antioxidants. Additional
intake of antioxidants is widespread in sports. With this in mind, it is logical to
use beet juice and its derivatives containing a powerful beet pigment and anti-
oxidant betalain. The red pigment betanin is 1.5 - 2 times more active than an-
thocyanins [37]. The mechanism of modulating the functionality of beet juice by
ultrafiltration remains unclear. The concentration of tested biologically active
substances in the ultrafiltrate does not differ significantly from the native juice
(Table 1). It is possible that as a result of deproteinization of the juice, some
high molecular weight components associated with the inhibition of the corres-
ponding biological effects of beet juice are removed. This hypothesis is sup-
ported by experiments on the antimicrobial activity of fractionation on the basis
of molecular mass plant extracts and juices—red chicory, mushroom, raspberry,
green and black tea, and cranberry juice, in which low molecular mass fractions
were found to be significantly more active than those of high molecular mass
[38]. The results of the study suggest that supplementation with FRB], which has
an ergogenic effect, improves endurance in running trained rats. However, the

mechanism of this phenomenon requires further investigation.

5. Conclusions

Consumption of FRBJ led to increased muscle strength in rats, and the ergogenic
effect of the product was significantly higher in combination with physical activ-
ity. During a month of training, the weight of the calf muscle doubled, and the
endurance of animals, if judged in terms of the frequency of falling from the
treadmill, increased three times.

We conclude from the obtained results that regular use of FRBJ can signifi-
cantly improve muscle strength and endurance not only for athletes, but also for
a wide range of people suffering from diseases of the cardiovascular system,

musculoskeletal system, and other related diseases.
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