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Annortanus. Canar nuctoBoii (Lactuca sativa) sIBISIETCS OCHOBHBIM JIICTOBBIM OBOILEM M OOBIYHO HCIIOJB3YETCSl B CBEXKEM BHIE B CAIATHBIX
cmecsix U OyrepOponax. CiienoBaTenbHO, AaHHAs KyJIbTypa MOXET BHECTH CYLIECTBEHHBIH BKJIAJl B MOBBIIICHHE MTUTATEIbHON LIEHHOCTH
NoTpeOIsIeMO OBOLIHOW NPOIYKIMH U (POPMUPOBaHHE 340pOBbIX AueT. OHOI U3 CYIIECTBEHHBIX MPOOJIeM NUTaHMs, TPeOyoIeid 0coboro
BHHMaHUs, SBISIETCS MHHepaibHOe (B uacTHOCTH, Fe, Zn) HemoenaHue, OT KOTOPOrO CTpajaroT Oojiee JBYX TpeTei HaCeleHUs MHpa,
NPOXKUBAIOIINX B CTPAaHAX C Pa3HBIM AKOHOMHYECKHM cTatycoM. Kpome Toro, moTpebiieHue canaToB U3 MUKPO3EJICHH U TPOPOCTKOB MHOTUX
OBOLIHBIX KyJIbTYp IIPHOOpETaeT Bee OOIBIIYIO HOMYIISIPHOCTD KaK KyJIMHApHAS TeHASHIUs Onaroaaps ocoboMy BKyCy NPOIYKIHH, BHICOKOMY
COZICPKAHUIO MHHEPAJIBbHBIX JIEMEHTOB M BO3MOXKHOCTH IPOU3BOJCTBA NMPAKTHYECKH B JIIOOOM pernoHe. B HacTosmieit pabore npoBeneHo
CPaBHHUTEIIBHOE U3y4YCHHE HAKOIUICHUS (PUTOHYTPHEHTOB (MHUHEPAJIbHBIX JJIEMEHTOB, ACKOPOMHOBOW KHCIIOTHI, TTOIH(EHOIOB) U CYMMapHOH
AQHTHOKCH/IAHTHOH aKTHMBHOCTH cajlaTa JUCTOBOIO B JIBYX I€pHOJAX OHTOreHe3a — B (ha3y TEXHHYECKOH CIIENOCTH M MHUKpO3ENIeHH,
BBIPAILICHHbIX B YCJOBHMSAX TMIPONOHMKM Ha cyOcTpaTe W3 MuHepanbHOW BaThl. M3 10 wnccnenoBaHHBIX MHHEPAJIbHBIX BELIECTB IO
6ompmmacTBY M3 HUX (P, K, S, Ca, Mg, Mn, Cu, Zn, Fe, N) B Mukpo3eneHn copepajoch 3HAYUTEIbHO OOJIbIIEe KOJIMYECTBO BCEX
IIUTATEIbHBIX BEIIECTB, YeM B 3penioM canate (kpome Ca u K). Mukpo3seneHs JIerko BEIPAIIMBACTCS HE TOJIBKO B MPOU3BOJCTBEHHBIX, HO U
JIOMAIIHUX YCJIOBHSX, YTO AT BO3ZMOXKHOCTb HOTPEOIISTH HEMOCPEICTBEHHO MOCIIe YOOPKH CBEXYIO MPOAYKIHIO, CoAepiKallyto Oonbluee
KOJIMYECTBO I10JIe3HBIX (PUTOHYTPUEHTOB, YeM B3pOCIIbIE PacTeHUs! B (hasze TEXHHUYECKOH CIENOCTH.

KioueBbie ¢j10Ba: GUTOXHUMHUYECKUE BEILECTBA, MUHEPAIBHOE COZICPIKAHNE, MUHEPAIbHAS HEJOCTATOYHOCTb, MUKPO3€JIeHb, THPOIIOHHKA, GHTOTPOH
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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.
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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
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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 a-tocopherol (vitamin E), 3-carotene (pro-vitamin A),
ascorbic acid (vitamin C) and phylloguinone
(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 MC)
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™ : Ne 145,
P205 41, K20 - 275, Ca 100, Mg 24, S30,
Fe 0.94, Mn 0.14, B 0.16, Cu 0.03, Zn 0.13, Mo 0.03.
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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 cm?,
adding to them at 0.075 cm® Folin-Ciocalteu reagent
diluted 5-fold is mixed, after 3 min 0.15 cm?® 20%
solution of sodium carbonate and 1.2 cm? 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 (Kanens “capel” 105M — Russian
Federation) under positive high voltage polarity (internal
diameter of the capillary 50/60 pm, total length 75 cm)
was used Buffer: 10 mM sodium tetraborate, 40 mM,
(pH 9.2), Sample injection 450 mbar.s?, 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 cm® and well shaked for 10 minutes
in the dark then it was filtered and placed in Eppendorf
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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 (Ug)
per g of dry weight, respectively.

Ascorbic acid determination The content of the
free form of vitamin C (Ascorbic acid) by capillary
electrophoresis system (Kamess “capel” 105M — Russian
Federation) under positive high voltage polarity (internal
diameter of the capillary 50/60 pm, total length 75 cm)
was used Buffer: 10 mM sodium tetraborate, 40 mM,
(pH 9.2), Sample injection 450 mbar.s?, 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 100cm?® 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).

Mature Microgreen Ratio
Element lettuce lettuce microgreen/
mg.g-1 (DW) mature lettuces
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+0.1 559+ 1.75 15
S 2.72+0.8 3.42 +£0.05 1.25
pg.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+2.7 275+2.1 2.5
Mn 31.1+2381 58.85 2.2 1.9
mg.kg-1 (FW)
527.25 =
N 2125 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,
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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)

Mature Microgreen Ratio
Phytonutrient I d microgreen/
ettuce lettuce
mature lettuces
Dry weight, (%) | 6.3+0.2 6.6+0.24 11
Ascorbic acid,
(mg/100g) 3.88+0.4| 20.74+4.78 53
TPC, 27.36 +
(mgGAE)gDW| 025 | 3354%73 195
TAC, (mg/g) 9.2154%51 2237+3.32 24

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.
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