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Аннотация. Салат листовой (Lactuca sativa) является основным листовым овощем и обычно используется в свежем виде в салатных 
смесях и бутербродах. Следовательно, данная культура может внести существенный вклад в повышение питательной ценности 
потребляемой овощной продукции и формирование здоровых диет. Одной из существенных  проблем питания, требующей особого 
внимания, является минеральное (в частности, Fe, Zn) недоедание, от которого страдают более двух третей населения мира, 
проживающих в странах с разным экономическим статусом. Кроме того, потребление салатов из микрозелени и проростков многих 
овощных культур приобретает все большую популярность как кулинарная тенденция благодаря особому вкусу продукции, высокому 
содержанию минеральных элементов и возможности производства практически в любом регионе. В настоящей работе проведено 
сравнительное изучение  накопления фитонутриентов (минеральных элементов, аскорбиновой кислоты, полифенолов) и суммарной 
антиоксидантной активности  салата листового в двух периодах онтогенеза – в фазу технической спелости и микрозелени, 
выращенных в условиях гидропоники на субстрате из минеральной ваты. Из 10 исследованных минеральных веществ по 
большинству из них  (P, K, S, Ca, Mg, Mn, Cu, Zn, Fe, N) в микрозелени содержалось значительно большее количество всех 
питательных веществ, чем в зрелом салате (кроме Ca и K). Микрозелень легко выращивается не только в производственных, но и 
домашних условиях, что дает возможность потреблять непосредственно после уборки свежую продукцию, содержащую большее 
количество полезных фитонутриентов, чем взрослые растения в фазе технической спелости.  
Ключевые слова: фитохимические вещества, минеральное содержание, минеральная недостаточность, микрозелень, гидропоника, фитотрон 
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Abstract. Lettuce (Lactuca sativa) is a major leafy vegetable and is commonly used in salad mixes and sandwiches. Therefore, lettuce can 
contribute significantly to the nutritional content of healthy diets. One specific nutritional problem that needs attention is mineral (e.g., Fe, Zn) 
malnutrition, which impacts over two-thirds of the World’s people living in countries of every economic status. Also, consumption of salads 
Microgreens, the edible cotyledons of many vegetables has been gaining popularity as a culinary trend due to its flavor and density of minerals 
that can be sustainably produced in almost any locale. In this study, the nutrient contents of both mature and microgreen oakleaf lettuce grown 
on rockwool mat were assessed and compared to each other together with the phytonutrient contents like ascorbic acid, total antioxidant 
capacity and total phenolic content. Of the 10 nutrients examined (P, K, S, Ca, Mg, Mn, Cu, Zn, Fe, N), lettuce microgreens had significantly 
larger quantities of all nutrients than mature lettuce except for the Ca and K. As microgreens can be grown easily in one’s home using the 
methods used in this study, they may provide a means for consumer access to larger quantities of nutrients per gram plant biomass relative to 
store-bought mature lettuce, which had relatively lower nutrient contents than microgreens with respect to most nutrients examined. 
Keywords: phytochemicals, mineral content, mineral malnutrition, microgreens, hydroponics, phytotron 
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Introduction 
One-third of the World’s people, living 

in countries of every economic status, is overweight 
and/or undernourished [1, 2]. This dichotomous 
problem of nutritional excess and insufficiency 
is the product of processes associated with food 
production, distribution, and consumption [1].  
The reliance of urban populations on long food 
chains that begin in distant rural areas limits 
accessibility to produce that has short shelf-lives 
and, therefore, poor transportability. As a result, 
many urban populations reside in areas classified 
as “food deserts”, where people do not have ready 
access to a complete compliment of required 
nutrients and depend primarily on heavily processed 
and packaged foods [3]. Therefore, in addition to 
creating problems of nutritional excess and 
insufficiency, current food systems are detrimental 
to the very environment on which the production  
of nutritious food depends [1]. 

Microgreens can be grown at a small scale, 
by individuals for home use, or at a large scale,  
in industrial production systems, for commercial 
marketing. Growing, harvesting and postharvest 
handling may have a considerable effect on the 
accumulation and degradation of phytonutrients  
in microgreens. Regarding the cultivating conditions, 
microgreens are a versatile product. They may be 
grown in greenhouse or indoor, with natural or 
artificial light sources, in soil or in soilless systems. 

However, there are some disadvantages 
associated with microgreens production. One 
major limitation to the growth of the microgreen 
industry is rapid quality deterioration postharvest. 
and the risk of contamination with pathogens and 
public health [4]. This could be resulted with a high 
prices and might restricts commerce to local sales. 

One specific nutritional problem that is 
common in both developed and developing 
countries is mineral malnutrition with over 60% 
and 30% of the World’s seven billion people, being 
Fe and Zn deficient respectively [3]. Rates of 
mineral malnutrition are especially high in Asia and 
Africa [5], where soil degradation is especially severe 
and has significantly decreased the nutritional value 
of crops [6]. However, nutritionists consider 
mineral malnutrition as the most important global 
challenges to humankind that can be solved and 
prevented [7]. Current efforts to mitigate mineral 
malnourishment are focused on developing 
biofortification methods and genetically engineering 
crops for maximal nutrient uptake from soils [8]. 

However, a newly emerging crop that 
may be a dense source of nutrition in the absence 
of biofortification and genetic engineering and has 
the potential to be produced in just about any locale 

is microgreens. Microgreens are edible seedlings  
of vegetables, herbs and some flowers that are 
usually harvested 7–14 days after germination, 
when they have two fully developed cotyledon 
leaves [9]. They are used to add texture and flavor 
to various dishes and they are earning a reputation 
as dense sources of nutrition even though only a 
few studies have examined their vitamin, nutrient 
and carotenoid contents [10, 11]. Due to their 
favourable contents in micronutrients and bioactive 
compounds, microgreens have been proposed 
as “super foods”. 

The potential nutritional benefits of 
microgreens combined with their ease of cultivation 
in one’s home has piqued consumer interest  
in cultivating microgreens, especially given  
that they are not widely available for retail sale. 
The impact of commonly recommended cultivation 
methods on the nutritional value of microgreens 
remains to be assessed, but could assist consumers 
in making educated decisions about how to grow 
microgreens in their own homes. Vitamins and 
their precursors are another nutrient class lending 
nutritional value to microgreens. Relevant amounts 
of α-tocopherol (vitamin E), β-carotene (pro-vitamin A), 
ascorbic acid (vitamin C) and phylloquinone 
(vitamin K1) were reported in recent 
investigations, though high variability was 
observed when different species and cultivars were 
compared [9, 12, 13, 14]. Other phytochemicals 
reported in microgreens are phenolic antioxidants, 
anthocyanins, glucosinolates and carotenoids [14]. 

This study compares the nutrient content 
including minerals and phytochemicals of lettuce 
microgreens grown on rockwool growing mats 
(mineral wool pads) and mature lettuce of the same 
variety grown hydroponically on pots of the same 
substrate. 

Materials and methods 
Oakleaf lettuce (Lactuca sativa var. Dubachek MС) 

was cultivated in phytotron ISR-0.2 conditions designed 
by the (Institute for Development Strategies, Moscow, 
Russian Federation). The experiment was carried out  
in G.V. Plekhanova. Moscow in 12th Febreuary 2020. 
Both microgreen lettuce and mature lettuce were 
cultivated in media substrate based on mineral wool, for 
mature lettuce, three seeds were sown in each growing 
pot and cultivated for 34 days. For the production of 
microgreen lettuce, exactly weighted 4 grams of lettuce 
seeds were sown into 5 trays containing mineral wool 
with dimensions of (17.5*40*6 cm) and harvested 11 
days after germination using ethanol cleaned scissors by 
cutting the cotyledon stems as close to the growth 
substrate as possible. The following amounts of 
nutrients were available for watering in mg. L-1 : № 145, 
P2O5 41, K2O – 275, Ca 100, Mg 24, S 30,  
Fe 0.94, Mn 0.14, B 0.16, Cu 0.03, Zn 0.13, Mo 0.03. 

http://www.isd.center/article/59
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The pH of the nutrient solution ranged between 5.5–5.8, 
and the electrical conductivity was maintained between 
1.8–2.0 mS.cm-1. To reduce the salt content from the 
tap water, we used a combination of distilled and tap 
water in a proportion of 70:30 respectively. Photoperiod 
of 16 h and 22/15 °C (day/night) temperature.  
The rockwool mats utilized are compostable and may be 
especially convenient for consumers who wish to grow 
microgreens in relatively small urban dwellings and 
avoid purchasing or working with a soil matrix. 

Total antioxidant capacity Leaf samples for 
this assay were collected at the same time as for the 
determination of total phenolic concentration. The total 
amount of antioxidants in lettuce samples was 
determined using a coulometric analyzer MVI-01–
44538054–07 "EXPERT-006". Bromine was generated 
at a constant current of 50 mA from a 0.2 M aqueous 
solution of KBr in a 0.1 M solution of H2 SO4 with the 
determination of the end of titration by a voltmetric 
indication with two polarized electrodes made of an 
inert metal. Then 40 cm3 of the buffer solution was 
poured into a Becher, the electrodes were lowered, and 
the generator circuit was switched on. Then an aliquot 
of the test sample was added to the cell (1 g of macerated 
lettuce). The end point of titration was fixed when the 
initial value of the indicator potential was reached. 
During the reaction time, all substances with antioxidant 
properties reacted with an excess of bromine. After the 
mixing time was completed, the device automatically 
filtered the bromine outflow, which was numerically equal 
to the number of antioxidant substances introduced in 
the aliquot. At the same time, the device showed the total 
content of antioxidants in milligrams in aliquot. Results 
are expressed in mg/g of fresh lettuce [15]. 

Total phenols content Total phenolic content 
was determined using the Folin-Ciocalteu method.  
A fresh sample with weight of 0.05g was grounded with 
1.5 cm 3 96% ethanol, extraction of phenol compounds was 
carried out for 45 minutes at 45 °C with periodic stirring 
(every 15 minutes) and subsequent centrifugation for  
2 minutes at rotation speed of 16,000 rpm, from obtained 
extract samples are taken, with volume of 0.075 cm3, 
adding to them at 0.075 cm3 Folin-Ciocalteu reagent 
diluted 5-fold is mixed, after 3 min 0.15 cm3 20% 
solution of sodium carbonate and 1.2 cm3 distilled water, 
closed with a cover, stirred and left at room temperature, 
and after 1 hour, the optical density of the formed 
tungsten blue is measured at wavelength 725 nm,  
the length of the optical path is 1 cm. Total content 
of PC is expressed in mg-equivalent gallic acid per g 
fresh raw material weight [16, 17]. 

Ascorbic acid determination The content of the 
free form of vitamin C (Ascorbic acid) by capillary 
electrophoresis system (Капель “capel” 105M – Russian 
Federation) under positive high voltage polarity (internal 
diameter of the capillary 50/60 μm, total length 75 cm) 
was used Buffer: 10 mM sodium tetraborate, 40 mM, 
(pH 9.2), Sample injection 450 mbar.s-1, Voltage: +20 kV, 
Detection 254 nm or 200 nm, at 23 °C. 

Analysis were done up to the method suggested 
by with some modification. A 5g of fresh sample was 
diluted to 100 cm3 and well shaked for 10 minutes  
in the dark then it was filtered and placed in Eppendorf 

tube and centrifuged under 15000 rpm twice to avoid 
any impurities. The supernatant was replaced into the 
device for analysis. 

Mineral content Mineral content of microgreens 
and mature lettuce was determined following a slightly 
modified wet digestion method as suggested by Havlin 
and Soltanpour (1980) [18]. In short, following the 
method described by Lee et al. (2015) [19], exactly 0.1 
g of dried shoot was analyzed with an ICP-OES 
spectrophotometer (PlasmaQuant 9100 ICP-OES 
Analytik jena. Jena, Germany) for P, K, Ca, Mg, S, Fe, Mn, 
Zn, and Cu. The macro and micro minerals contents were 
represented as milligrams (mg) and micrograms (μg) 
per g of dry weight, respectively. 

Ascorbic acid determination The content of the 
free form of vitamin C (Ascorbic acid) by capillary 
electrophoresis system (Капель “capel” 105M – Russian 
Federation) under positive high voltage polarity (internal 
diameter of the capillary 50/60 μm, total length 75 cm)  
was used Buffer: 10 mM sodium tetraborate, 40 mM, 
(pH 9.2), Sample injection 450 mbar.s-1, Voltage: +20 kV, 
Detection 254 nm or 200 nm, at 23 °C. 

Analysis were done up to the method suggested 
by with some modification. A 5g of fresh sample  
was diluted to 100cm3 and well shaked for 10 minutes 
in the dark then it was filtered and placed in Eppendorf 
tube and centrifuged under 15000 rpm twice to avoid 
any impurities. The supernatant was replaced into  
the device for analysis. 

Results and discussion 
Dry matter content No significant 

differences were observed in the content of dry matter 
for both lettuce microgreens and mature lettuce 
(6.1 ± 0.3% and 6.8 ± 0.34%, respectively). The 
average weight of microgreens and mature lettuces 
reached 2.08 ± 0.22 for microgreens while for 
mature lettuce 42 ± 5.9 g was recorded for fresh 
weight per plant. 

Mineral content The results of this 
experiment carried on oakleaf lettuce (Lactuca 
sativa var Dubachek MC) indicate that Based  
on nutrient mass per gram dry plant material grown 
on rock wool substrate are significantly more 
nutrient-rich than hydroponically-grown oakleaf 
lettuce of the same variety. The mean mineral 
content of both microgreens and mature lettuce are 
expressed on a dry weight basis (Table 1). The most 
abundant macro elements in microgreen samples 
were, in the order, K and P, followed by Mg. 
However, the proportions of macro elements in 
mature lettuce differs. Results shows that Mature 
lettuce contain significantly higher N, Ca and K 
content than microgreen lettuce. Based on microgram 
per gram dry plant material we determined the 
following micro elements (Zn, Fe, Cu and Mn). the 
results shows that they are presented at 
significantly higher levels in microgreen lettuce 
than mature lettuce of the same sort. 
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Table 1. 
Average mineral content (n=5, (standard 

deviation)), for hydroponically grown mature and 
microgreen oakleaf lettuce vegetable, Number of 

repetitions (n=5). 

Element 
Mature 
lettuce 

Microgreen 
lettuce 

Ratio  
microgreen/ 

mature lettuces mg.g-1 (DW) 
Ca 9.48 ± 2.22 1.89 ± 0.08 0.2 
P 6.58 ± 2.32 12.27 ± 1.88 1.8 
K 65.76 ± 4.7 12.82 ± 2.74 0.2 

Mg 3.69 ± 0.1 5.59 ± 1.75 1.5 
S 2.72 ± 0.8 3.42 ± 0.05 1.25 

μg.g-1 (DW)  
Zn 35.8 ± 9.89 167.39 ± 17 4.6 
Fe 87.7 ± 19.3 290.2 ± 15.5 3.3 
Cu 10.79 ± 2.7 27.5 ± 2.1 2.5 
Mn 31.1 ± 2.81 58.85 ± 2.2 1.9 

mg.kg-1 (FW)  

N 527.25 ± 
21.25 109.32 ± 10.2 0.36 

DW (dry weight), FW (Fresh weight). 

Nitrate content: As presented in (Table 1) 
higher nitrates contents were observed in mature 
lettuces. Nitrates can accumulate in lettuce leaves, 
leading to the toxic effects for the human being. 
The European Union establishes the maximum 
permissible levels from 3,500 to 4,500 mg of residual 
nitrates per kg fresh weight for the winter season and 
2,500 mg of residual nitrates per kg for the summer 
season. Nitrates content of both microgreens and 
mature lettuce was below this limit; however,  
in our experiment the results revealed that mature 
oakleaf lettuces provides five-fold as much nitrates – 
than microgreens. The accumulation of nitrates in 
leafy vegetables is reported in previous researches 
[20, 21, 22]. Some researches attributed the 
development of methaemoglobinaemia [23, 24] in 
both infants and young children due to the 
consumption of vegetables high with nitrates [25]. 
Microgreens could be considered as a good 
alternative to reduce the intake of nitrates. 

Phenolic and antioxidant content: Lettuce 
contains various health-promoting phytochemicals, 
including vitamins and phenolic compounds with 
antioxidant properties. In recent decades, phenolic-rich 
natural diets with antioxidant activity have fostered 
interest in nutrition and food science [26, 27]. 
Phenolic compounds are good electron donors 
because their hydroxyl groups can directly 
contribute to antioxidant action [28, 29]. Among 
the major phenolic compounds in lettuce known to 
have health-promoting qualities are chlorogenic 
acid, caffeic acid, and chicoric acid [30, 31]. 
Furthermore, some of them stimulate the synthesis 
of endogenous antioxidant molecules in the cell [32]. 
According to multiple reports in the literature, 

phenolic compounds exhibit free radical inhibition, 
peroxide decomposition, metal inactivation or 
oxygen scavenging in biological systems and 
prevent oxidative disease burden [33]. Total 
phenolic content of the oakleaf lettuce plants were 
measured using the Folin-Ciocalteu method, and 
the results are shown in (Table 2). The total phenolic 
content of microgreen plants ranged around  
53.54 ± 7.3 mg GAE/g, which is up to 1.95 folds 
than its content in mature lettuce plants. Taking 
into account the important role of antioxidants for 
the plant itself and for providing healthy nutrition 
for the human being, we determined the total 
content of antioxidants in both microgreen and 
mature lettuce (Table 2). The maximum value  
of total antioxidant capacity (TAC) reached  
22.37 ± 3.32 mg/g in microgreen lettuce, which  
is 2.4 times higher than their level in the mature 
lettuce – 9.151 ± 2.45 mg/g. 

Table 2. 
Average dry weight in (%), ascorbic acid in 

mg/100g fresh weight, Total phenolic content in 
(mg GAE)/g dry weight and total antioxidant 

capacity in mg/g fresh weight for hydroponically 
grown mature and microgreen oakleaf lettuce 

vegetable, Number of repetitions (n=5) 

Phytonutrient Mature 
lettuce 

Microgreen  
lettuce 

Ratio  
microgreen/ 

mature lettuces 
Dry weight, (%) 6.3 ± 0.2 6.6 ± 0.24 1.1 
Ascorbic acid, 

(mg/100g) 3.88 ± 0.4 20.74 ± 4.78 5.3 

TPC,  
(mg GAE)/g DW 

27.36 ± 
0.25 53.54 ± 7.3 1.95 

TAC, (mg/g) 9.151 ± 
2.45 22.37 ± 3.32 2.4 

DW (dry weight), FW (Fresh weight),  
TPC (Total phenolic content), TAC (Total antioxidant 

capacity), GAE (Gallic acid equivalent). 

Conclusion 
Some consider that there are not enough 

scientific researches to prove the higher level of 
nutrients in microgreens than in mature plants. But 
as revealed from this study, we assume that the 
production of microgreens is a great addition in 
horticulture. The results presented in this experiment 
indicate that microgreens could provide a means for 
consumer-access to larger quantities of nutrients 
per gram plant biomass including macro and micro 
minerals like P, Mg, Fe, Mn, Zn, S and Cu relative 
to store-bought mature vegetables. However, 
mature lettuce of the same variety possesses higher 
amount of Ca, K and nitrates. Moreover, the 
nitrates content of microgreens was incredibly 
lower than mature lettuces. Which make 
microgreens to be safely consumed by human 
being, in particular for young children, to fulfil 
their daily mineral requirements. 

 



Осман А.Д. и др. Вестник ВГУИТ, 2020, Т. 82, №. 2, С. 55-60 post@vestnik-vsuet.ru 
 
 

 59  
 

References 
 

1. Sachs J.D. The age of sustainable development. Columbia University Press, 2015.  
2. Garnett T. Food sustainability: problems, perspectives and solutions. Proceedings of the Nutrition Society. 2013. 

V. 72. no. 1. pp. 29-39.  
3. Walker R.E., Keane C.R., Burke J.G. Disparities and access to healthy food in the United States: A review of food 

deserts literature. Health & Place. 2010. no. 16. pp. 876-884.  
4. Berba K.J., Uchanski M.E. Postharvest physiology of microgreens. Journal of Young Investigators. 2012. pp. 1–5.  
5. Muthayya S., Rah J.H., Sugimoto J.D., Roos F.F. et al. The global hidden hunger indices and maps: an advocacy 

tool for action. PLoS One. 2013.  
6. Lal R. Soil degradation as a reason for inadequate human nutrition. Food Security. 2009. pp. 45-57.  
7. Grusak M.A. Enhancing mineral content in plant food products. Journal of the American College of Nutrition. 

2002. № 21. pp. 178S-183S.  
8. White P.J., Broadley M.R. Biofortification of crops with seven mineral elements often lacking in human diets-iron, 

zinc, copper, calcium, magnesium, selenium and iodine. New Phytologist. 2009. pp. 49-84.  
9. Xiao Z., Lester G.E., Luo Y., Wang Q. Assessment of vitamin and carotenoid concentrations of emerging food 

products: edible microgreens. Journal of agricultural and Food Chemistry. 2012. vol. 60. no. 31. pp. 7644-7651.  
10. Pinto E., Almeida A.A., Aguiar A.A., Ferreira I.M. Comparison between the mineral profile and nitrate content of 

microgreens and mature lettuces. Journal of Food Composition and Analysis. 2015. pp. 38-43.  
11. Sun J., Xiao Z., Lin L. Z., Lester G.E. et al. Profiling polyphenols in five Brassica species microgreens by UHPLC-

PDA-ESI/HRMSn. Journal of agricultural and food chemistry. 2013. pp. 10960-10970. 
12. Xiao Z., Lester G.E., Luo Y., Xie Z.K. et al. Effect of light exposure on sensorial quality, concentrations of 

bioactive compounds and antioxidant capacity of radish microgreens during low temperature storage. Food chemistry. 2014. 
no. 151. pp. 472-479.  

13. Brazaitytė A., Sakalauskienė S., Samuolienė G., Jankauskienė J. et al. The effects of LED illumination spectra and 
intensity on carotenoid content in Brassicaceae microgreens. Food chemistry. 2015. p. 600–606. 

14. Samuolienė G., Viršilė A., Brazaitytė A., Jankauskienė J. et al. Blue light dosage affects carotenoids and 
tocopherols in microgreens. Food chemistry. 2017. pp. 50-56.  

15. Lapin A.A., Gorbunova E.V., Zelenkov V.N., Gerasimov M.K. Determination of antioxidant activity of wines by 
coulometric method. Scientific and methodological guide. Moscow, Russian Academy of natural Sciences RAEN, 2009. pp. 64. 

16. Zagoskina N.V., Nechaeva T.L., Lapshin P.V. Method for determining the total content of phenolic compounds in 
plant objects. Patent RF, no. 2700787, 2019.  

17. Singleton V.L., Rossi J.A. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents. 
American journal of Enology and Viticulture. 1965. no. 16 (3). pp. 144-158.  

18. Havlin J.L., Soltanpour P.N. A nitric acid plant tissue digest method for use with inductively coupled plasma 
spectrometry. Communications in Soil Science and Plant Analysis. 1980. no. 11 (10). pp. 969-980. 

19. Lee S.R., Kang T.H., Han C.S., Oh, M.M. Air anions improve growth and mineral content of kale in plant factories. 
Horticulture, Environment, and Biotechnology. 2015. pp. 462-471.  

20. Pinto E., Fidalgo, F. Teixeira J., Aguiar A.A. et al. Influence of the temporal and spatial variation of nitrate reductase, 
glutamine synthetase and soil composition in the N species content in lettuce (Lactuca sativa). Plant science. 2014. pp. 35-41.  

21. Santamaria, P. Nitrate in vegetables: toxicity, content, intake and EC regulation. Journal of the Science of Food 
and Agriculture. 2006. pp. 10-17.  

22. Van Velzen A.G., Sips A.J., Schothorst R.C., Lambers A.C. et al. The oral bioavailability of nitrate from nitrate-
rich vegetables in humans. Toxicology letters. 2008. pp. 177-181.  

23. Sadeq M., Moe C.L., Attarassi B., Cherkaoui I. et al. Drinking water nitrate and prevalence of methemoglobinemia among 
infants and children aged 1–7 years in Moroccan areas. International journal of hygiene and environmental health. 2008. pp. 546-554.  

24. Martinez A., Sanchez-Valverde F., Gil F., Clerigué N. et al. Methemoglobinemia induced by vegetable intake in 
infants in northern Spain. Journal of pediatric gastroenterology and nutrition. 2013. no. 56 (5). pp. 573-577.  

25. Savino F., Maccario S., Guidi C., Castagno E. et al. Methemoglobinemia caused by the ingestion of courgette soup given 
in order to resolve constipation in two formula-fed infants. Annals of nutrition and metabolism. 2006. no. 50 (4). pp. 368-371.  

26. Babbar N., Oberoi H.S., Sandhu S.K. Therapeutic and nutraceutical potential of bioactive compounds extracted 
from fruit residues. Critical Reviews in Food Science and Nutrition. 2015. no. 55 (3). pp. 319-337.  

27. Lee Y.H., Choo C., Watawana M.I., Jayawardena N. et al. An appraisal of eighteen commonly consumed edible 
plants as functional food based on their antioxidant and starch hydrolase inhibitory activities. Journal of the Science of Food 
and Agriculture. 2015. pp. 2956-2964.  

28. Cai Y.Z., Luo Q., Sun M., Corke H. Antioxidant activity and phenolic compounds of 112 traditional Chinese 
medicinal plants associated with anticancer. Life Science. 2004. no. 74. pp. 2157-2184.  

29. Dragland S., Senoo H., Wake K., Holte K. et al. Several culinary and medicinal herbs. Nutrition. 2003. pp. 1286-1290.  
30. Graefe E.U., Veit M. Urinary metabolites of flavonoids and hydroxycinnamic acids in humans after application of 

a crude extract from Equisetum arvense. Phytomedicine. 1999. pp. 239-246.  
31. Olthof M.R., Hollman P.C., Katan M.B. Chlorogenic acid and caffeic acid are absorbed in humans. The Journal 

of nutrition. 2001. no. 131 (1). pp. 66-71.  
32. Côté J., Caillet S., Doyon G., Sylvain J.-F. et al. Bioactive compounds in cranberries and their biological properties. 

Critical reviews in food science and nutrition. 2010. no. 50. pp. 666–679.  
33. Oberoi H.S., Sandhu S.K. Therapeutic and Nutraceutical Potential of Bioactive Compounds Extracted from Fruit Residues 

AU—Babbar, Neha. Crit. Rev. Food Sci. Nutr. Critical reviews in Food science and Nutrition. 2015. no. 55. pp. 319–337. 



Othman A.J. et al. Proceedings of VSUET, 2020, vol. 82, no. 1, pp. 55-60 post@vestnik-vsuet.ru 
 

 60  
 

34.  Komarova N.V. Kamentsev Ya.S., “Practical guidance on the use of capillary electrophoresis  systems“ROP 105 ”,“  
By-products of fruits and vegetables. Methods for the determination of vitamin C, "SPb: OOO"Veda ", p. 171, 2006 

35. Luidmila G. Eliseeva, Ali J. Osman, Maria I. Ivanova, Irina B. Leonova, Valeriy N. Zelenkov, Vyacheslav V. 
Latushkin. (2020). Quality Management of Green Vegetables Grown in Closed Anrobio Technology Systems of Urban 
Phytotron Type. International Journal of Advanced Science and Technology, 29(3), 11383-11394. 

 

Сведения об авторах Information about authors 
Али Джамиль Осман аспирант, кафедра товароведения и 
товарной экспертизы / лаборатория экспертизы товаров 
растительного происхождения, Российский экономический 
университет имени Г.В. Плеханова, Стремянный пер., 36, 
Москва, 115093, Россия, ali.mcisa@gmail.com 

https://orcid.org/0000-0002-8309-1854 

Ali J. Othman graduate student, commodity science and 
commodity expertise department / laboratory of plant products 
expertise, Plekhanov Russian University of Economics, 36 
Stremyanny avenue, Moscow, 115093, Russia, 
ali.mcisa@gmail.com 

https://orcid.org/0000-0002-8309-1854 
Людмила Г. Елисеева д.т.н., профессор, кафедра 
товароведения и товарной экспертизы / лаборатория экспертизы 
товаров растительного происхождения, Российский экономичес-
кий университет имени Г.В. Плеханова, Стремянный пер., 36, 
Москва, 115093, eliseeva-reu@mail.ru  

https://orcid.org/0000-0003-2715-9989 

Ludmila G. Eliseeva Dr. Sci. (Engin.), professor, commodity 
science and commodity expertise department / laboratory of plant 
products expertise, Plekhanov Russian University of Economics, 36 
Stremyanny avenue, Moscow, 115093, Russia, eliseeva-reu@mail.ru  

https://orcid.org/0000-0003-2715-9989 

Валерий Н. Зеленков д.с.-х.н., профессор, главный науч. 
сотрудник, ВНИИ Институт Лекарственных и Ароматических 
Растений, ул. Грина 7, стр.1, Москва, 117216, Россия, zelenkov-
raen@mail.ru 

https://orcid.org/0000-0001-5481-2723 

Valeriy N. Zelenkov Dr. Sci. (Agric.), professor, chief 
researcher, All-Russian research Institute of Medicinal and 
Aromatic Plants, 7 Grina str., p. 1, Moscow, 117216, Russia, 
zelenkov-raen@mail.ru 

https://orcid.org/0000-0001-5481-2723 
Вячеслав В. Латушкин к.с.-х.н., специалист по сельскому 
хозяйству, Институт Стратегий Развития – Автономная 
некоммерческая организация, д. 11 переулок Столешников, 
Москва, 125009, Россия, slavalat@yandex.ru 

https://orcid.org/0000-0003-1406-8965 

Vyacheslav V. Latushkin Cand. Sci. (Agric.), specialist, 
Institute for Development Strategies, 1 Stoleshnikov avenue, 
Moscow, 125009, Russia), slavalat@yandex.ru 

https://orcid.org/0000-0003-1406-8965 

Хеирбеик Бассел аспирант, кафедра мелиорации и 
рекультивации земель, Российский Государственный 
Аграрный Университет МСХА имени К.А. Тимирязева, 
Тимирязевская Ул., 49, Москва, 127550, bassel.bek@yandex.ru 

https://orcid.org/0000-0003-3276-8631 

Bassel Kheirbeik graduate student, land melioration and 
reclamation department, Timiryazev Agricultural Academy, 
Timiryazevskaya, 49, Moscow, 127550, bassel.bek@yandex.ru 

https://orcid.org/0000-0003-3276-8631 

Вклад авторов Contribution 
Али Джамиль Осман обзор литературных источников по 
исследуемой проблеме, провел эксперимент, выполнил расчёты 

Ali J. Othman review of the literature on an investigated 
problem, conducted an experiment, performed computations 

Людмила Г. Елисеева предложила методику проведения 
эксперимента 

Ludmila G. Eliseeva proposed a scheme of the experiment 

Валерий Н. Зеленков, Вячеслав В. Латушкин, Хеирбеик 
Бассел консультация в ходе исследования 

Valeriy N. Zelenkov, Vyacheslav V. Latushkin, Bassel 
Kheirbeik consultation during the study 

 

Конфликт интересов Conflict of interest 
Авторы заявляют об отсутствии конфликта интересов. The authors declare no conflict of interest. 

 
Поступила 04/05/2020 После редакции 12/05/2020 Принята в печать 21/05/2020 

 
Received 01/03/2020 Accepted in revised 08/04/2020 Accepted 04/05/2020 

 

 


	Introduction
	Materials and methods
	Results and discussion
	Conclusion
	References

