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Abstract 
Rhubarb (Rheum rhabarbarum L.) is a popular springtime vegetable known for its vibrant red stalks and tart flavor. This study 

explores the intriguing biochemical profile of rhubarb and highlights its potential health benefits. Hydroponic systems (volcanic 

slag and volcanic slag with gravel significantly increased rhubarb yield (both fresh and dry weight) by 2.6-6.0 times compared to 

traditional soil, especially in June and July. Rhubarb grown hydroponically also produced 1.6-1.8 times more petioles per plant, 

each with 1.6 times the fresh weight and 1.1 times the dry weight of soil-grown petioles. Compared to soil, hydroponics significantly 

increased the levels of extractive substances (1.2-3.2 times), flavonoids (1.4-3.7 times), and phenols (1.2-4.0 times). The research 

evaluated antioxidant activity, with hydroponically grown rhubarb demonstrating superior performance, particularly in the volcanic 

slag + gravel plants, which exhibited the strongest antioxidant activity. In contrast, the soil-grown plants displayed the lowest anti-

oxidant activity. According to the FRAP analysis, 1 gram of plant dry mass recovered more iron in the soil-grown variant, followed 

by the volcanic slag variant. These findings suggest that hydroponic systems, especially those using the volcanic slag substrate, hold 

promise for cultivating rhubarb enriched with health-promoting compounds in the Ararat Valley. 

Keywords Antioxidant activity. Fiber. Sugars. Flavonoids. Phenols. Tannins  

 

1 Introduction 

Rhubarb (Rheum rhabarbarum L.), with its vibrant red stalks and tart flavor, is a popular springtime vegetable. Aside from its 

culinary uses, rhubarb has a rich biochemical profile containing health-promoting compounds. This article explores the key compo-

nents that contribute to rhubarb's unique characteristics, including flavonoids, phenolics, tannins, sugars, fiber, and its potent anti-

oxidant activity [1]. Phenolic compounds, a category that encompasses flavonoids, are significant contributors to rhubarb's bio-

chemical profile. These compounds give the plant its astringent taste and play a crucial role in its antioxidant activity [2]. Flavonoids, 

which are among the most essential compounds of rhubarb, are naturally occurring antioxidants responsible for the plant's vibrant 

colors and potential health benefits. Research has identified various flavonoid subtypes in rhubarb, such as catechin, epicatechin, 

and rutin. These flavonoids are believed to protect cells from damage caused by free radicals, potentially reducing the risk of chronic 

diseases [3]. Rhubarb contains tannins, a type of phenolic compound, which give it a puckering sensation. Despite this, tannins also 

have antioxidant properties, offering protection against free radical damage [1,4]. While rhubarb is known for its tartness, it also 

contains fructose and glucose, albeit in lower quantities compared to most fruits. The balanced sugar content and dietary fiber make 

rhubarb an appealing option for those managing sugar intake [5,6]. Antioxidants are crucial for protecting the body from free radicals. 

Rhubarb has strong antioxidant activity, as seen in tests like DPPH and FRAP. These tests demonstrate rhubarb's ability to scavenge 

free radicals, indicating potential health benefits from consuming rhubarb [7,8,9]. 

https://scholar.google.com/citations?hl=en&user=Jx9-0mwAAAAJ
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The parameters Fv/Fm and PI are derived from chlorophyll fluorescence measurements and provide important information about a 

plant's photosynthetic efficiency. Fv/Fm represents the maximum quantum efficiency of Photosystem II (PSII), the stage where 

light energy is captured and used to excite electrons. A value close to 0.8 indicates a healthy plant, while lower values suggest 

potential damage or stress affecting PSII's ability to use light energy efficiently [10]. PI reflects the overall efficiency of electron 

transport through both PSII and Photosystem I (PSI) involved in photosynthesis. It's often recommended to measure both Fv/Fm 

and PI for a more complete understanding of plant health. These parameters can be used to detect stresses impacting photosynthesis, 

such as drought, nutrient deficiency, or pest damage. Early detection allows for timely intervention to minimize harm to the plant. 

Additionally, Fv/Fm and PI can be used in breeding programs to select plants with superior photosynthetic efficiency, potentially 

leading to higher crop yields [11]. 

Hydroponics, a method of growing plants without soil, offers several potential benefits for agriculture in the Ararat Valley of Ar-

menia. The region faces challenges with water scarcity, especially during dry summers [12]. Compared to traditional soil-based 

agriculture, hydroponics uses significantly less water. Hydroponic systems enable precise control over nutrient delivery, resulting 

in more consistent product quality with higher levels of desired nutrients and potentially reducing bitterness in crops like rhubarb 

[13]. Due to the unique biochemical characteristics of rhubarb, we have decided to explore the possibility of growing this plant for 

the first time in the Ararat Valley of Armenia. The research aims to investigate the impact of growing media on the biochemical 

composition of rhubarb. 

2 Materials and Methods 

2.1. Plant growth and sample collection 

 

An experiment was conducted in 2021-2022 in the Ararat Valley of Armenia to compare plant growth in two conditions: outdoor 

hydroponics and soil. The average annual rainfall in the valley is 325 mm, and it sits 800-1000 meters above sea level. Winter 

temperatures range from -26.1 to 32.6 °C, while summers are hot, with temperatures between 37.5 and 42.6 °C [14].  

The plants were planted in the last ten days of April. The rhizomes of 3-year-old mother plants were divided into 4 parts and planted 

in 25 L hydroponic pots and soil. In hydroponics EBB and Flow system was used [15]. The experiment was set up with three 

treatments: 1. hydroponic with growing medium volcanic slag (VS); 2. hydroponic with growing medium volcanic slag and gravel 

in a 1:1 ratio (VS+G), 3. soil (S) which served as the control group. Volcanic slag and gravel were mined in Armenia. Each hydro-

ponic substrate had particles of 3 to 15 millimeters in diameter [16]. Standard agricultural practices were followed for control variant. 

Each variant had 6 replicates.  

In hydroponics plants were nourished with a specific nutrient solution developed by Davtyan [17] to 1-2 times daily. This solution 

has a pH range of 5.5-7.0 [18], making it suitable for rhubarb. In contrast, the rhubarb grown in soil was irrigated every three-four 

day. The harvest of petioles was done on the stage of their maturity. Harvesting of plants was done according to months, in hydro-

ponics - from May to October, and in soil - from June to September. The experiment involved six harvests of rhubarb petioles from 

the hydroponic systems and five harvests from the soil-grown plants. Harvests for both groups were spaced out by about a month. 

Hydroponically grown rhubarb was ready for its first harvest in 19 May, while the soil-grown rhubarb wasn't ready until 26 June. 

After harvesting, the aerial part of the plant was transported to the laboratory, the leaves were separated from the petioles and the 

fresh weight of petioles (FW) was measured. Then leaves and petioles were dried in a well-ventilated, shade room and the dry 

weight of petioles (DW) was measured. Considering the fact that petioles are the most useful parts of the plant, that is why emphasis 

was placed on the study of petioles. The growth rate, development stage and weight of both fresh and dried petioles for each plant 

was measured. During the growing season, studies were carried out on a number of morphological characteristics of petioles ob-

tained per plant: length (measured at maturity stage from the hydroponic substrate or soil surface to the base of the leaf), thickness 

(was measured by electronic caliper as a diameter at the base of petiole), quantity. Additionally, bio-pharmaceutical and chemical 

analyses were conducted throughout the experiment using six randomly chosen plants from each group. 



 

 

2.2 Statistical Analysis 

 

All data were analyzed using statistical programs, GraphPad Prism 8 and Microsoft Excel 2016. t-test analysis of variance (ANOVA) 

determined statistical significance and comparison of mean values. Sample selections of the studied groups were random, and the 

values were assessed for significant differences (P≤0.05). 

2.3 Determination of total flavonoids and total phenols  

 

The experiment measured the total flavonoid and phenol content of dry herbs. First, one gram of finely ground herb powder, sieved 

through a mesh with 2.0 mm openings, was weighed and placed in a 250 mL flask. Then, 100 mL of 70 % ethanol was added, and 

the mixture was heated in a water bath for 60 minutes with a reflux condenser attached. After cooling, the extract was filtered 

through paper into a 100 mL volumetric flask. The remaining volume in the flask was then filled to the mark with 70 % ethanol, 

creating solution A. 2 mL of solution A was transferred to a separate 25 mL volumetric flask. This solution was then topped up to 

the mark with 96 % ethanol. To measure the total flavonoid content, the absorbance of this final solution was recorded at a wave-

length of 370 nm using an Agilent Cary 60 UV-Vis spectrophotometer with a 10 mm cuvette. Similarly, the absorbance for total 

phenols was measured at 277 nm. For all measurements, 96 % ethanol was used as the reference solution [19]. 

 

2.4 Determination of tannins 

 

The tannin content in 2 g of crushed dry material was determined using a titrimetric method. The material was first added to a 

conical flask with 50 mL of boiling water and heated in a water bath for 30 minutes with frequent stirring. This extraction process 

was repeated five times, filtering the extract through cotton wool into a 250 mL volumetric flask each time, until no tannins were 

detected. The final volume in the flask was then adjusted to the mark with water. To quantify the tannins, 25 mL of the combined 

extract was transferred to a 1-Liter conical flask. Distilled water (750 mL) and 25 mL of indigo sulfonic acid solution were added. 

The solution was then titrated with 0.1 N potassium permanganate solution with constant stirring until the color changed to a golden 

yellow. This process was repeated with a control solution containing only 25 mL of indigo sulfonic acid in 750 mL of water. The 

tannin content was then calculated using a specific formula based on the difference in potassium permanganate solution used be-

tween the sample and control titrations. 

 

       X= ((V 1- V2) × D × V × 100) / (m × V3)     

       

where V1 is the volume of 0.1 N KMnO4 taken for titration, mL; V2 – volume of 0.1 N KMnO4 sample taken for titration, mL; D – 

conversion factor to tannin: for hydrolysable tannins 0.004157, for condensed 0.00582, V – total volume of extract, mL; m – sample 

mass, g; V3 - volume of extract taken for titration, mL [20]. 

2.5 Determination of crude fiber 

 

This experiment measured the crude fiber content in a one-gram sample. The dried and ground sample was placed in a 1-Liter 

beaker. To prevent evaporation during boiling, a round-bottomed flask filled with cold water was used as a condenser on top of the 

beaker. The sample was then boiled for 30 minutes with 250 mL of 1.25 % sulfuric acid solution under reflux conditions. After 

boiling, the mixture was quickly filtered through a Whatman No. 42 ashless paper filter placed in a Buchner funnel. The residue 

was washed thoroughly to remove all acid. Next, the acid-free residue was refluxed again for 30 minutes with 200 mL of 1.25 % 

sodium hydroxide solution, maintaining a constant volume throughout. The mixture was then filtered and washed to remove any 

remaining alkali: The residue was carefully transferred to a crucible and dried in an oven at 100 °C ± 5 °C until its weight remained 



 

 

constant. The crucible was then cooled in a desiccator and the weight of the dried residue was recorded. Finally, the crucible was 

placed in a muffle furnace and ignited at 600 °C for four hours. After cooling again, the final weight was measured. The amount of 

crude fiber in the sample was determined by the weight loss after ignition [21]. 

 

2.6 Sugar Quantification 

 

A 5-gram sample of finely ground plant material was extracted with 70-200 mL of hot water in a 100 mL volumetric 

flask. The mixture was maintained at 80-90 °C for an hour in a water bath with periodic shaking. The cooled filtrate was 

then subjected to hydrolysis by adding 5 mL of concentrated hydrochloric acid to a 50 mL aliquot and heating at 68-

70 °C for 8 minutes. After neutralization with 20% sodium hydroxide and dilution to 100 mL, the reducing sugars in a 

10 mL aliquot were determined by the Fehling's method. The cuprous oxide precipitate was filtered, washed, and 

dissolved in iron(II) sulfate solution. The resulting iron(III) ions were titrated with potassium permanganate to quantify 

the sugar content [21]. 

 

 

2.7 Antioxidant Capacity by DPPH 

 

A stock solution of 10-3 M DPPH radicals in ethanol or methanol was freshly prepared and diluted to an absorbance of 

1.00 ± 0.200. To determine antioxidant activity, 3 mL of this DPPH working solution was mixed with 0.5 mL of the 

sample extract and incubated in the dark for 30 minutes. The decrease in absorbance at 517 nm, compared to a solvent-

only control, indicated the antioxidant capacity of the sample. All measurements were performed in triplicate [22, 23]. 

2.8 FRAP Antioxidant Assay  

 

The ferric reducing antioxidant power (FRAP) of extracts and isolated compounds was determined according to 

Birasuren et al. [24]. A FRAP reagent, prepared by mixing acetate buffer, TPTZ (2,4,6-tripyridyl-s-triazine), and FeCl3
.6H2O 

and heating to 37 °C, was incubated with diluted samples (100 μg/mL) for 10 minutes at 37 °C in the dark. Absorbance 
at 593 nm was measured against a blank. The results were expressed as aqueous solution of ferrous sulfate (FeSO4

.7H2O), and 

derived from a calibration curve of the standards. Likewise, the FRAP value of ascorbic acid was obtained by the same procedure. 

2.9 Chlorophyll fluorescence 

 

A Pocket PEA model Chlorophyll Fluorimeter was used to measure chlorophyll fluorescence. This device measures fluorescence 

recorded chlorophyll based on Fv / Fm and PI parameters. The method used was that two leaves were selected from each pot and 

placed in special clamps to create dark conditions for 15 minutes, and after this, the amount of chlorophyll fluorescence was rec-

orded. Chlorophyll a fluorescence transient data was used to calculate the parameters. The F0 level was measured as the fluorescence 

at 50 µs (F50 µs). Maximum quantum efficiency of PSII photochemistry (Fv / Fm) was calculated according to the equation [25]. 

 

                          Fv / Fm = (Fm – F0) / Fm   

                          Performance index (PI) was calculated as: 

 

                 PIabs = (1-(F0 / Fm)) / (m0 / VJ) × (Fm-F0) / F0 × (1-VJ) / VJ  

                                                                    



 

 

where F0 means fluorescence intensity at 50 µs, Fm represents maximal fluorescence intensity, VJ 

is relative variable fluorescence at 2 ms (J-step), calculated as:  

 

                        VJ = (F2ms – F0) / (Fm – F0) 

 

M0 represents the initial slope of fluorescence kinetics, which can be derived as: 

  

                       M0 = 4 (F300µs – F0) / (Fm – F0)   

3 Results 

3.1 Plant growth and yield in vegetation periods 

 

The results of the research showed that the growing medium significantly affected the yield of rhubarb petioles throughout the 

growing season. In all hydroponic substrates, petiole fresh and dry mass increased in June and in soil in July (Fig. 1, 2). 

 
 

Fig. 1 The dynamics of accumulation of fresh rhubarb petioles in the vegetation period 

0

50

100

150

200

250

300

350

400

May June July August September October

P
e

ti
o

le
s 

 F
W

, 
g

/p
la

n
t

VS VS+G S



 

 

 

Fig. 2 The dynamics of accumulation of dry rhubarb petioles in the vegetation period 

During the vegetation period, hydroponic plants exceeded S plants in petiole FW and DW by 2.6-6.0 and 2.9-4.8 times in June and 

1.5 and 2.4 times in July, respectively. The tendency changed in August: soil plants outperformed plants of VS+G substrate in FW 

and DW by 1.2 and 1.9 times, respectively, but were inferior to VS substrate grown plants by 1.9 and 1.2 times, respectively. In 

September, soil plants were 1.4-1.5 times lower in FW than hydroponic versions (Fig. 1), but no significant difference was observed 

in DW (Fig. 2). 

                     Table 1 Rhubarb petioles yield and biometric parameters according to growing medium 

Different letters indicate significant differences, P < 0.05 

 

From the data in Table 1, it can be seen that the different hydroponic substrates had no significant influence on FW of the total 

petiole yield, the number of petioles obtained from per plant, and FW and DW of per petiole. At the same time, the S plants were 

inferior to the hydroponic versions in FW (2.7-3.0 time) and DW (1.8-2.0 time) of petioles. In the hydroponic versions, 1.6-1.8 

times more petioles of rhubarb were formed than in the soil one. The FW of per petiole of the plants grown in soilless conditions 

was 1.6 times higher than those of the soil plants. But in DW there is no significant difference. It was found that the hydroponic 

substrate significantly affected the length of petioles. Thus, petioles of VS substrate grown plants were relatively thick and short, 

while VS+G substrate grown plants formed relatively long petioles. From the analysis of petiole biometric data, it is clear that only 

VS substrate and S plants differed significantly in petiole width (1.2 times). At the same time, VS substrate petioles were 2.6 cm 

shorter than those in VS+G substrate.  FW/DW ratio of petioles in hydroponics was 13.5-13.7, while it was 9.1 in S plant. Thus, 

the water content in hydroponic plants was about 1.5 times higher than in S plants. 
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Growing medium 
Petioles (g/plant) Number of 

petioles 

Per petiole  
(g) 

Width of 
petioles 
(mm) 

Length of 
petioles 

(cm) FW DW FW DW 

Hydroponic 
substrates 

VS 913.0±59.3a 67.4±2.2a 74±12.6a 12.3±1.3a 0.91±0.06a 10.6±0.4a 14.2±0.7b 

VS+G  804.0±83.5a 58.5±4.2b 66±7.7a 12.2±0.5a 0.89±0.07a 9.7±0.5ab 16.8±0.9a 

S (control) 302.0±26.5b 33.2±3.3c 41±5.1b 7.4±0.7b 0.81±0.07a 9.0±0.3b 15.9±1.9a 



 

 

                    

                          Fig. 3 Rhubarb petioles FW ratio by month during the growing season, % 

 

The plants grown in the VS substrate (Figure 3) showed the highest percentage of yield (38 %) in June, then it gradually decreased 

during the growing season, the percentage of yield was 20-21 % in July and August, and 8-9 % in September-October. VS+G 

substrate showed the highest percentage of yield in June (39 %), in July the yield percentage decreased to 31 %, then it decreased 

in August by 3 times, In the last months of the growing season, the yield gradually decreased. The maximum percentage of yield of 

S plants was obtained in July (34 %), and then it decreased. It should be emphasized that in the hottest month (August) of vegetation 

period, S plants formed the highest percentage of yield compared to hydroponic versions. In hydroponics, in different substrates, 

the percentage of the yield during the August was significantly affected by the presence of the gravel substrate, which led to a 

decrease in yield percentage trice due to overheating of substrate particles. 

 

3.2. Biochemical analyses during the vegetation period 

 

Biochemical analyzes of rhubarb petioles were performed during the growing season to reveal the influence of the growing medium 

on the biosynthesis of key substances. Experiments showed that VS substrate, compared to VS+G one, had a positive effect on the 

content of extractives (1.2 times), flavonoids (1.4 times) and tannins (1.2 times) in petioles. The hydroponic growing medium did 

not affect the content of phenols, crude fiber and sugars in the plant petioles. The minimum content of extractives, flavonoids, and 

total phenols was observed in petioles of S plants, which were 1.3-1.6, 1.3-1.7, and 1.9-2.0 times lower than the hydroponic versions, 

respectively. However, the S plants exceeded the hydroponic versions in tannins content by 2.9-3.4 times. The growing environment 

did not have a significant effect on the content of crude fiber and sugars. In all versions, they varied between 13.1-15.3 and 6.2-6.6 

%, respectively. 
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          Table 2 Values of biochemical indicators of rhubarb petioles depending on the growing medium 

 Different letters indicate significant differences, P < 0.05 

Plants grown in the VS substrate provided an increase in the yield of extractives by 1.3 times, flavonoids by 1.6 times, total phenols 

by 1.2 times and tannins by 1.3 times compared to the other hydroponic version. Crude fiber and sugars yields were not affected by 

the hydroponic growing medium. Soil plants were inferior to the hydroponic versions in yield of extractives by 2.3-3.2 times, 

flavonoids by 2.3-3.7 times, phenols by 3.3-4.0 times, crude fiber by 2.1-2.3 times and sugars by 1.8-2.3 times, but they exceeded 

the accumulation of tannins by 1.4-1.9 times. 

3.3 DPPH and FRAP antioxidant activity 

 

The potential antioxidant activity of the extracts obtained from the dry rhubarb petioles was evaluated by DPPH and FRAP methods 

(Figure 4). Experiments were performed at different concentrations to determine the IC50. The results showed that VS+G plants 

have high antioxidant activity (61.58 ± 2.46 µg/mL). Plants of the VS variant is slightly inferior to them (70.77 ± 6.82 µg/mL). The 

lowest antioxidant activity was recorded in the S variant (97.35 ± 0.79 µg/mL). According to the data of FRAP analysis, 1 gram of 

plant recovered more iron in the S variant (274.92 ± 5.44 µmol Fe+2/g DW, followed by the VS substrate (186.02 ±27.96 µmol 

Fe+2/g DW). The smallest value was observed for the VS+G substrate (130.21 ± 4.45 µmol Fe+2/g DW). 

 

                   

 

 

 

 

 

 

 

 

 

Growing 
medium  

Extractives Flavonoids Total phenols Tannins Crude fiber Sugars 

%      g/ 
plant 

%   mg/ 
 plant 

% mg/ 
plant 

% g/ 
plant 

% g/ 
plant 

% g/ 
plant 

VS 34.2±2.7a 23.10 0.33±0.05a 222 
 

0.18±0.01a 121 
 

1.75±0.12c 1.18 14.6±1.2a 9.84 6.2±0.4a 4.18 

VS+G 29.3±2.1b 17.14 
 

0.24 ±0.02b 140 
 

0.17±0.03a 99 
 

1.50±0.1b 0.88 
 

15.3±1.3a 8.95 6.6±0.4a 3.86 

S (control)  22.0±1.6c 7.30 
 

0.19 ±0.02c 63 
 

0.09±0.01b 3 
 

5.08±0.29a 1.69 
 

13.1±1.4a 4.35 6.4±0.5a 2.12 

 
 

(a) (b) 



 

 

Fig. 4 The DPPH (a) and FRAP (b) antioxidant activity in different growing medium. VS, VS+G, and S. Data are mean values 
± SD of three replicates, P<0.01 

 

3.4 Chlorophyll fluorescence 

 

During the vegetation period from July to August, the value of Fv / Fm did not exceed the norm (0.8) in all variants. The PI data 

showed that the hydroponic variants reached peak viability in June and the S plants in July. General senescence was observed in 

August for all variants. 

 

Table 3 Chlorophyll fluorescence indicators under hydroponics and soil 

Growing 

medium 

Fv / Fm 

 

PI 

 

June July August June July August 
VS 0.818 0.823 0.814 8.358 7.584 4.821 
VS+G 0.802 0.821 0.802 9.289 8.943 3.635 
S (control) 0.820 0.795 0.702 3.761 5.876 3.163 

 

4 Discussion 

 

The literature data shows that 722.3-2273.3 grams of petiole were obtained from each 6-year-old plant, which was planted with the 

same density in the Moscow region [26]. In our experiment, the plants grown in soil produced a lower biomass of petiole, whereas 

the hydroponic versions were close to the data obtained by Kharchenko et al [26]. This indicates that it is more preferable to cultivate 

this plant in hydroponic conditions in the Ararat Valley. Additionally, it's worth noting that the dry biomass of rhubarb grown in the 

soil conditions of the Ararat Valley is 11 % of the fresh biomass, which exceeds the data obtained by Kharchenko et al. (6.4-8.5 %). 

There is no information on the hydroponic cultivation of rhubarb in the literature. Our study results indicate that the ratio of fresh 

to dry leaf petiole mass was approximately 1.5 times higher in hydroponic substrates compared to soil controls. Furthermore, our 

research shows that hydroponic conditions led to an extended harvest season (6 harvests from May to October in hydroponics 

compared to 4 harvests from June to September in soil). Additionally, the maximum biomass was obtained in the VS substrate in 

June. According to our data, the VS substrate is the most effective for providing the maximum total rhubarb biomass per growing 

season. 

Study analysis by Clapa et al. [2] focused on the presence of different phenols and flavonoids in rhubarb stalks. The total phenol 

content was measured at 375.4 µg/g, which is 0.038%, and the total flavonoid content was 385.6 µg/g, which is 0.039 %. These 

findings were lower than those obtained in our study. In our research, we found that the volcanic slag variant had the highest 

accumulation of flavonoids and phenols. Both flavonoids and phenols act as antioxidants, helping to neutralize free radicals and 

unstable molecules that can harm cells and contribute to chronic diseases. By combating these free radicals, they may help prevent 

various health issues such as cardiovascular disease, cancer, Alzheimer's, and Parkinson's disease [27-28]. Considering that 

hydroponic cultivation yields higher amounts of these bioactive compounds in rhubarb, it is a more effective cultivation method 

from a medical standpoint. 

The total tannin content in rhubarb can vary based on factors such as the specific variety, growing conditions, and the part of the 

plant being measured. Research indicates that rhubarb does contain tannins. Wang et al. [29] found that the total tannin content in 

the raw material and the total extract of rhubarb were 6.12 % and 19.20 %, respectively. In our study, soil-grown plants exhibited a 

33 % higher tannin content compared to hydroponically grown versions. Literature from Germany indicates that the total sugar 



 

 

values in rhubarb juice surpassed the total acid content, ranging from 16.31–17.49 g/L [30]. A study on Rheum tanguticum revealed 

that crude fiber (89.14 % ± 0.75) was the most abundant macronutrient in its inflorescence stem [31]. Based on our research, hy-

droponically grown plants outperformed soil-grown plants in sugars output by 51 % and crude fiber by 44 %. 

Cojocaru et al. [32] found that the use of chemical, organic, or biological fertilizers increases the antioxidant activity of rhubarb 

plants in soil. According to Zhou and Yu [33], the antioxidant capacity of studied vegetables ranks as follows: rhubarb > green 

bean > tomato > potato > kale > spinach > broccoli. In our study, plants in VS+G substrate showed higher antioxidant activity than 

plants grown in VS substrate, with rhubarb plants exhibiting the highest antioxidant activity. When comparing FRAP levels, 

Jargalsaikhan at al. [34] discovered that in ethanol solution, the level of FRAP was 4.66 mM/g in Rheum undulatum L. and 1.98 

mM/g in Rumex crispus L. variety. In our study, the FRAP level ranged between 130.22-274.92 µmol/g in the rhubarb variety, 

depending on the growth medium. Chlorophyll fluorescence is a technique used to assess the efficiency of photosynthesis in plants. 

Limited research on chlorophyll fluorescence in rhubarb indicates that this issue has not been widely investigated. Our data indicates 

that the chlorophyll fluorescence value for the rhubarb plant is close to 0.8, suggesting that the plant is healthy [35]. According to 

the PI value, the aging process of rhubarb begins in August across all versions. 

 

5 Conclusions 

 

Rhubarb grown hydroponically generally performed better than soil-grown plants in terms of FW and DW of petioles during most 

of the growing season, except for August. However, there were no significant differences in total petiole yield per plant or individual 

petiole weight between different hydroponic substrates. VS substrate grown plants produced thicker and shorter petioles, while 

VS+G substrate resulted in narrower and longer petioles. It is important to note that VS+G substrate negatively affected yield in 

August due to high temperatures. Hydroponically grown rhubarb had a higher water content compared to soil-grown plants. The 

highest percentage of yield of hydroponically grown rhubarb occurred in June (38 % for VS, 39 % for VS+G) and gradually 

decreased throughout the season. VS+G substrate showed a sharper yield decline in August due to overheating of gravel particles. 

The maximum percentage of yield of soil-grown rhubarb occurred in July (34 %) and then decreased. Interestingly, soil plants 

produced the highest yield percentage in the hottest month (August). 

Rhubarb grown hydroponically had higher levels of extractable substances, flavonoids, and phenols compared to soil-grown plants. 

However, soil-grown plants had significantly higher tannin content. Sugars and crude fiber content were not affected by the growing 

environment. Within hydroponics, the VS substrate promoted a greater accumulation of beneficial compounds (extractives, 

flavonoids, phenols, tannins) compared to VS+G one. However, VS+G substrate showed the highest antioxidant activity. Overall, 

hydroponically grown rhubarb exhibited higher antioxidant activity compared to soil-grown plants, with VS+G substrate showing 

the strongest effect. These results suggest that hydroponics can be a valuable method for producing rhubarb with enhanced levels 

of beneficial compounds and antioxidant activity. However, the choice of substrate can influence the specific profile of these 

compounds. 

 

Author Contributions All the authors collaborated in the research and review described in this article. Methodology, A. T; inves-

tigation, M. D; resources, A. M and A. Gh; data curation, A. S.; writing—original draft preparation, M. D and A. T.; writing—
review and editing, H. R. R. and M. Gh; supervision, A. T.; funding acquisition, Science Committee of RA. All authors have read 

and agreed to the published version of the manuscript. 

 

Funding The work was supported by the Science Committee of RA, in the frames of the research project № 22RL-028. 

 

Data Availability Not applicable. 

 



 

 

Acknowledgments Special thanks to the Institute of Hydroponics Problems Yerevan-Armenia and Shahid Beheshti, Medicinal 

Plants and Drugs Research Institute, Dr. Farzaneh of Tehran-Iran. 

 

Declarations 

 

Ethics approval and consent to participate 

Seeds of Rheum rhabarbarum L were collected from the mountains located nearby in the Shahrebabak region of Kerman in Iran. It 

was determined and authenticated by Prof. Dr. Mansour Ghorbanpour (Arak University, Iran). The voucher specimen (code: 

AMH1008) was deposited at the Herbarium of the Department of Medicinal Plants, Arak University, Iran. 

Statement on experimental research and field studies on plants 

All methods performed in this study including the collection of plant materials were in compliance with the relevant institutional, 

national, and international guidelines and legislation. 

 

Competing interests The authors indicate no conflict of interest for this work. 

 

 

References 

 

1. Kalisz S, Oszmiański J, Kolniak-Ostek J, Grobelna A, Kieliszek M, Cendrowski A. Effect of a variety of polyphenols 

compounds and antioxidant properties of rhubarb (Rheum rhabarbarum). Lwt; 2020;118:108775. 

https://doi.org/10.1016/j.lwt.2019.108775. 

2. Clapa D, Borsai O, Hârța M, Bonta V, Szabo K, Coman V, Bobiș O. Micropropagation, genetic fidelity and phenolic 
compound production of Rheum rhabarbarum L. Plants. 2020;9(5):656. https://doi.org/10.3390/plants9050656. 

3. Cojocaru A, Vlase L, Munteanu N, Stan T, Teliban GC, Burducea M, Stoleru V. Dynamic of phenolic compounds, anti-

oxidant activity, and yield of rhubarb under chemical, organic and biological fertilization. Plants. 2020;9(3):355. 

https://doi.org/10.3390/plants9030355. 

4. Mosleh G, Zaeri M, Hemmati S, Mohagheghzadeh A. A comprehensive review on rhubarb astringent/laxative actions and 

the role of aquaporins as hub genes. Phytoch Rev. 2023;22:565-586. https://doi.org/10.1007/s11101-022-09851-y. 

5. Góraj-Koniarska J, Saniewski M, Ueda J, Miyamoto K. Effect of methyl jasmonate on gummosis in petioles of culinary 

rhubarb (Rheum rhabarbarum L.) and the determination of sugar composition of the gum. Acta physiol plant. 2018;40:1-

8. https://doi.org/10.1007/s11738-018-2609-8. 

6. Mezeyová I, Mezey J, Andrejiová A. The effect of the cultivar and harvest term on the yield and nutritional value of rhubarb 

juice. Plants. 2021;10:1244. https://doi.org/10.3390/plants10061244. 

7. Lee HH, Yu JK, Moon YS. Antioxidant and anti-inflammatory activities of different parts of rhubarb (Rheum rhabarbarum) 

compared with da huang root (R. officinale). Food Preserv. 2022;29(2):186-95. 

https://doi.org/10.11002/kjfp.2022.29.2.186. 

8. Won Jang H, Hsu WH, Hengel MJ, Shibamoto, T. Antioxidant activity of rhubarb (Rheum rhabarbarum L.) extract and its 

main component emodin. Nat Prod Chem Res. 2018;6(316):2. https://doi.org/10.4172/2329-6836.1000316. 

https://doi.org/10.1016/j.lwt.2019.108775
https://doi.org/10.3390/plants9050656
https://doi.org/10.3390/plants9030355
https://doi.org/10.1007/s11101-022-09851-y
https://doi.org/10.1007/s11738-018-2609-8
https://doi.org/10.3390/plants10061244
https://doi.org/10.11002/kjfp.2022.29.2.186
https://doi.org/10.4172/2329-6836.1000316


 

 

9. Mehrabani M, Amirkhosravi A, Farhadi S, Vasei S, Raeiszadeh M, Mehrabani M. The influence of harvest time on total 

phenolic and flavonoid contents, antioxidant, antibacterial and cytotoxicity of Rheum khorasanicum root extract. Ann 

Pharm Fr. 2023;81:475-483. https://doi.org/10.1016/j.pharma.2022.11.010. 

10. Vlaović J, Balen J, Grgić K, Žagar D, Galić V, Šimić D. An overview of chlorophyll fluorescence measurement process, 
meters and methods. 2020 International Conference on SST. 2020;14:245-250. 

https://doi.org/10.1109/SST49455.2020.9264091. 

11. Banks JM. Chlorophyll fluorescence as a tool to identify drought stress in Acer genotypes. Environmental and experimental 

botany; 2018;155:118-27. https://doi.org/10.1016/j.envexpbot.2018.06.022. 

12. Vardanyan TG, Frolova NL, Galstyan HS. The characteristics of extreme maximum runoff of the rivers of Armenia in the 

context of global climate change. Geography, environment, sustainability. 2021;14:196-208. 

https://doi.org/10.24057/2071-9388-2020-122. 

13. Dholwani SJ, Marwadi SG, Patel VP, Desai VP. Introduction of Hydroponic system and it's Methods. International Journal 

for Research Trends and Innovation. 2018;3:69-73| ISSN: 2456-3315. 

14. Margaryan VG, Mkhitaryan MS. Assessment and analysis of heat provision vulnerability in the main wine-producing 

region of Armenia (Ararat valley and foothill area) within the context of expected climate change. Ukrainian Hydromete-

orological Journal. 2018;21:28-34. https://doi.org/10.31481/uhmj.21.2018.03. 

15. Wortman S. Crop physiological response to nutrient solution electrical conductivity and pH in an ebb-and-flow hydroponic. 

Scientia Horticulturae. 2015;194:34–42. https://doi.org/10.1016/j.scienta.2015.07.045. 

16. Tadevosyan A, Daryadar M, Tovmasyan A, Asatryan A, Roosta HR, Hakobjanyan A. Comparison of Growth, Antioxidant, 

and Antibacterial Activities in Hydroponic and Soil-grown Moringa oleifera in Armenia. IJHST 2024;11:217-228. 

https://doi.org/10.22059/ijhst.2023.362559.669. 

17. Ghalachyan L, Mairapetyan S, Vardanyan А, Hovhannisyan L, Daryadar M, Mairapetyan K, Tadevosyan A. The study of 

gross beta-radioactivity of some medicinal plants in conditions of outdoor hydroponics and soil culture in Ararat Valley. 

BCHD; 2023;6(10):243-258. https://doi.org/10.31989/bchd.v6i10.1174. 

18. Tadevosyan A, Daryadar M, Tovmasyan A, Asatryan A, Hakobjanyan A. The possibility and prosperity of Moringa oleif-

era Lam. cultivation in Armenia under conditions of outdoor hydroponics and soil. BIO Web of Conferences; 

2022;47:05005. https://doi.org/10.1051/bioconf/20224705005. 

19. Vardanyan A, Ghalachyan L, Tadevosyan A, Baghdasaryan V, Stepanyan A, Daryadar M. The phytochemical study of 

Eleutherococcus senticosus (Rupr. & Maxim) leaves in hydroponics and soil culture. FFHD. 2023;13:574-583. 

https://doi.org/10.31989/ffhd.v13i11.1183. 

20. Atanassova M, Christova-Bagdassarian V. Determination of tannins content by titrimetric method for comparison of dif-

ferent plant species. J Chem Technol Metall. 2009;44:413-415. 

21. Matevosyan A, Tadevosyan A, Tovmasyan A, Asatryan A, Mairapetyan S. Nutritional Value of Soybean under Outdoor 

Hydroponics and Soil Conditions of the Ararat Valley. FFHD. 2023;13:533-546. 

https://doi.org/10.31989/ffhd.v13i10.1208. 

22. Brand-Williams W, Cuvelier ME, Berset CL. Use of a free radical method to evaluate antioxidant activity. LWT-Food 

science and Technology. 1995;28:25-30. https://doi.org/10.1016/S0023-6438(95)80008-5. 

23. Selseleh M, Ebrahimi SN, Aliahmadi A, Sonboli A, Mirjalili MH. Metabolic profiling, antioxidant, and antibacterial ac-

tivity of some Iranian Verbascum L. species. Industrial crops and products. 2020;153:112609. 

https://doi.org/10.1016/j.indcrop.2020.112609. 

24. Birasuren B, Kim NY, Jeon HL, Kim MR. Evaluation of the antioxidant capacity and phenolic content of Agriophyllum 

pungens seed extracts from Mongolia. Prev Nutr Food Sci. 2013;18:188-195. https://doi.org/10.3746/pnf.2013.18.3.188. 

https://doi.org/10.1016/j.pharma.2022.11.010
https://doi.org/10.1109/SST49455.2020.9264091
https://doi.org/10.1016/j.envexpbot.2018.06.022
https://doi.org/10.24057/2071-9388-2020-122
https://doi.org/10.31481/uhmj.21.2018.03
https://doi.org/10.1016/j.scienta.2015.07.045
https://doi.org/10.22059/ijhst.2023.362559.669
https://doi.org/10.31989/bchd.v6i10.1174
https://doi.org/10.1051/bioconf/20224705005
https://doi.org/10.31989/ffhd.v13i11.1183
https://doi.org/10.31989/ffhd.v13i10.1208
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/j.indcrop.2020.112609
https://doi.org/10.3746/pnf.2013.18.3.188


 

 

25. ŽIVČÁK M, OLŠOVSKÁ K, Slamka P, GALAMBOŠOVÁ J, Rataj V, Shao HB, Kalaji HM, BRESTIČ M. Measurements 

of chlorophyll fluorescence in different leaf positions may detect nitrogen deficiency in wheat Zemdirbyste-Agriculture. 

2014;101:437-444. https://doi.org/10.13080/z-a.2014.101.056. 

26. Kharchenko V, Golubkina N, Tallarita A, Bogachuk M, Kekina H, Moldovan A, Tereshonok V, Antoshkina M, Kosheleva 

O; Nadezhkin S, Caruso G. Varietal Differences in Juice, Pomace and Root Biochemical Characteristics of Four Rhubarb 

(Rheum rhabarbarum L.) Cultivars; BioTech. 2023;12:12. https://doi.org/10.3390/biotech12010012. 

27. Oluwole O, Fernando WB, Lumanlan J, Ademuyiwa O, Jayasena V. Role of phenolic acid, tannins, stilbenes, lignans and 

flavonoids in human health–a review. IJFST. 2022;57:6326-6335. https://doi.org/10.1111/ijfs.15936. 

28. Tiwari SC, Husain NI. Biological activities and role of flavonoids in human health–A review. Indian J Sci Res. 

2017;12:193-196. ISSN: 0976-2876.  

29. Wang JB, Qin Y, Kong WJ, Wang ZW, Zeng LN, Fang F, Jin C, Zhao YL, Xiao XH. Identification of the antidiarrheal 

components in official rhubarb using liquid chromatography–tandem mass spectrometry. Food Chemistry. 2011;129:1737-

1743. https://doi.org/10.1016/j.foodchem.2011.06.041. 

30. Will F, Dietrich H. Processing and chemical composition of rhubarb (Rheum rhabarbarum) juice. LWT-Food Science and 

Technology. 2013;50:673-678. https://doi.org/10.1016/j.lwt.2012.07.029. 

31. Osei MD, Lin MA, Wei Y, Yueweng HE, Wang Z. Chemical analysis and bioactivity evaluation of the stem of Rheum 

tanguticum. The Pharma Innovation Journal. 2021;10:47-52. https://doi.org/10.22271/tpi.2021.v10.i2a.6661.  

32. Cojocaru A, Vlase L, Munteanu N, Stan T, Teliban GC, Burducea M, Stoleru V. Dynamic of Phenolic Compounds, Anti-

oxidant Activity, and Yield of Rhubarb under Chemical, Organic and Biological Fertilization. Plants. 2020;9:355. 

https://doi.org/10.3390/plants9030355. 

33. Zhou K, Yu L. Total phenolic content and antioxidant properties of commonly consumed vegetables grown in California. 

Lwt-Food Sci. 2006;39:1155–1162. https://doi.org/10.1016/j.lwt.2005.07.015. 

34. Jargalsaikhan G, Wu JY, Chen Y.C, Yang LL, Wu MS. Comparison of the phytochemical properties, antioxidant activity 

and cytotoxic effect on HepG2 cells in Mongolian and Taiwanese Rhubarb species. Molecules. 2021;26:1217. 

https://doi.org/10.3390/molecules26051217. 

35. Faraloni C, Cutino I, Petruccelli R, Leva AR, Lazzeri S, Torzillo G. Chlorophyll fluorescence technique as a rapid tool for 

in vitro screening of olive cultivars (Olea europaea L.) tolerant to drought stress; Environmental and Experimental Botany. 

2011;73:49-56. https://doi.org/10.1016/j.envexpbot.2010.10.011. 

 

https://doi.org/10.13080/z-a.2014.101.056
https://doi.org/10.3390/biotech12010012
https://doi.org/10.1111/ijfs.15936
https://doi.org/10.1016/j.foodchem.2011.06.041
https://doi.org/10.1016/j.lwt.2012.07.029
https://doi.org/10.22271/tpi.2021.v10.i2a.6661
https://doi.org/10.3390/plants9030355
https://doi.org/10.1016/j.lwt.2005.07.015
https://doi.org/10.3390/molecules26051217
https://doi.org/10.1016/j.envexpbot.2010.10.011

