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Extended Abstract

1. Introduction: Microgreens represent a unique category of products derived from seeds, vegetables,
medicinal plants, and certain wild species. These microgreens have attracted attention for their aesthetic
appeal and potential health benefits due to the presence of phytochemicals. They are primarily consumed
as fresh vegetables. LED lights, particularly those emitting blue and red light, play a significant role in
fostering the growth and development of plants. They enhance chlorophyll absorption, boost
photosynthesis, and influence the mineral content in plants. The primary objective of this research was to
examine changes in mineral nutrient compositions and flavor profiles of fennel, chia, and chicory
microgreens under varying LED spectra in a controlled greenhouse environment.

2. Materials and Methods: This study was conducted in 2021-2022 in a controlled greenhouse for seedling
production in the city of Douche, Guatemalan region, with temperatures of 26.16 £2°C and relative
humidity of 65%, using a completely randomized block design with three replications. The light
treatments included LED light at four levels (natural light, 100% red light, 100% blue light, and 70% red
light + 30% blue light), applied to chia (Salvia hispanica L.), chicory (Cichorium intybus L.), and fennel
(Foeniculum vulgare L.) microgreens. Seeds were purchased from Pagan Bar Company of Isfahan and
cultivated in planting trays with dimensions of 60 cm length, 30 cm width, and 5 cm height, using a
medium containing a mixture of agricultural soil and perlite in a volume ratio of 1:1. During the first three
weeks, irrigation was performed daily and subsequently every other day. Microgreens at the two-leaf
stage were subjected to light treatments for 12 hours daily. The wavelength of red light was 650 nm, and
the wavelength of blue light was 460 nm, with a total photon flux density (TPFD) of 100 pmol.m™ s,
embedded at a distance of 80 cm from the microgreens' surface.

3. Results and Discussion: The research findings indicated that blue light caused a reduction in internode
length, while increased 100% red light exposure led to longer internodes. Hence, maintaining a balance
between the blue and red light spectrums is crucial for optimal growth in certain plants. Chicory and
fennel microgreens exhibited the longest internodes under 70% red light + 30% blue light, with a 23%
increase in chicory and a 45% increase in fennel compared to using only 100% blue light. The highest
total chlorophyll content was observed across all three microgreens under 100% blue light and 70% red
light + 30% blue light. In chicory and fennel microgreens, 100% red light followed by 70% red light +
30% blue light enhanced phenol content, with 100% red light increasing phenol levels by 26% in chicory
and 18% in fennel compared to the control light. The greatest antioxidant activity was noted in chia and
chicory under 100% red light and in fennel under 70% red light + 30% blue light. Potassium and iron
concentrations increased in chia microgreens under 70% red light + 30% blue light, while zinc
concentrations improved by 42% in chia and 16% in fennel. However, magnesium concentration
decreased under 70% red light + 30% blue light compared to the control. In chia and chicory microgreens,
manganese levels increased by 40% and 9%, respectively, under 70% red light + 30% blue light compared
to the control light. Fennel microgreens exhibited a sweet taste with a mild aroma under 100% blue light,
a sweet taste with a relatively sharp aroma under 100% red light, and a sweet taste with a strong aroma
under 70% red light + 30% blue light combined. Microgreen chia had a bitter taste across all light
treatments, with 100% red light resulting in a relatively sharp aroma, 100% blue light producing a mild
aroma, and 70% red light + 30% blue light yielding a sharp aroma. Similarly, microgreen chicory
displayed a bitter taste under all light treatments, with 70% red light + 30% blue light causing a m



4. Conclusion: In general, the use of LED lighting enhanced most of the studied parameters and increased
the nutritional value of microgreens compared to natural light in the greenhouse. Specifically, 100% blue
light increased total chlorophyll content and induced a mild aroma in all three microgreens: chia, chicory,
and fennel. The highest phenol and flavonoid content, along with spicy aromas, were observed in chicory
and fennel microgreens under 100% red light. A combination of 70% red light and 30% blue light
increased internode length and sweet taste with high aroma in fennel while improving nutrients in chia,
chicory, and fennel microgreens. Overall, 70% red light and 30% blue light were identified as the most
effective combination for microgreens growth.
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Table 2- Mean comparison of the effect light treatments on the growth and physiological characteristics of microgreens

oy 59,5 Lo Lo Lo F039 0, Nk Jsb 5 Jdels Jsid aseidls ST 5l el
Microgreens Treatments Fresh weight of plant Internode length Total chlorophyll (mg g a1 . 1 . RN
(gr per plant) (mm) 'FW) Phenol (mg g FW) Flavonoid (mg g FW) Antioxidant activity (%)
Control — ol 40.427 a 7.500 a 3.520¢ 9.047 ¢ 7.133 a 12.260 b
8o ey e 41327a 7.2667 a 3176 ¢ 9.633 b 7.142a 13.033 2
100% Red light
‘53‘ St Ve 40.747 a 6.500 a 6.883 a 7.920d 7.117b 12.700 ab
L 100% Blue light
C]’l:a SR SCARESSICHTUEICR AR
‘5’] 42.25a 7.600 a 6.370 b 10.340 a 6.400 ¢ 12.827 ab
70% Red light + 30% Blue light
Control—Jal 3991 a 7.500 a 5243 ¢ 8.177 ¢ 5.655¢ 11.430 b
BBt sl Ve 39.147 a 7.766 a 4.673d 10.353 a 5.827 a 11.730 a
100% Red light
‘53‘ St Ve 39.387 a 6.500 b 7.263 a 8.177 ¢ 5.713b 11.730 a
100% Blue light
ol . R
G.M JYHRWEIRE RS VS R IR WA R
Chicory o 40.817 a 8.010a 6.490 b 10.093 b 5222d 11.570 b
70% Red light + 30% Blue light
Control -2l 36.86a 5500 4936d 8.550 b 8.261b 38.667 b
BICBT IS ICR R
100% Red lifet 39.447 a 6.033 a 5.670 ¢ 10.163 a 8.327 a 34210 ¢
] 9.: Qo Yoo
= )0 ’ . 35743 a 4.266b 8.743 a 7.113 ¢ 8.241b 38.680 b
<L .|) 100% Blue light
Femmol JYHRWEIRE RS OS RNV IR WA R
6;—1 40.740 a 6.200 a 7.360 b 9.760 a 7.355¢ 39.367 a

70% Red light +30% Blue light

A (5510 Sre B 505G b v 10 & Jlecil b 50 LSD (9031 (wlio!l 1 oS yiiion B9 52 (51510 Lo emSilio cygsimw 2 40
In each column, means followed by the same letters are not significantly different according to the LSD test (p<0.05
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Table 3- Results of taste and aroma of microgreens under the influence of light treatments
e L= iy ably
Treatments Chia Chicory Fennel
b o5 L Jlae b &l wdke e b &l wle e b o s
Control Bitter with a rather spicy Bitter with a mild aroma Sweet with a mild aroma
aroma
3008 55 wepd Ve a5 b e b &b a5 e b &l o5 B e b (e

100% Red light Bitter with a rather spicy Bitter with a spicy aroma  Sweet with a rather spicy
aroma aroma
EIBTECIRRRE o e b &l o slae b &l ko slae b G e

100% Blue light Bitter with a mild aroma Bitter with a mild aroma Sweet with a mild aroma
Qoyd Vetia)d 195 da)ps Ve a5 e L &S a5 she Lok (b ol shae b et
TS
70% Red light + Bitter with a spicy aroma Very bitter with a spicy Sweet with a lot of aroma
30% Blue light aroma

Figure 1- The results of the essential oil in microgreen of fennel under 70% red light + 30% blue light
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Figure 2- Effect of light treatment on sodium concentration of microgreens (the average comparison is done in
each microgreen separately)
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Figure 3- Effect of light treatment on potassium concentration of microgreens (the average comparison is done
in each microgreen separately)
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Figure 4- Effect of light treatment on calcium concentration of microgreens (the average comparison is done in
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Figure 5- Effect of light treatment on iron concentration of microgreens (the average comparison is done in

each microgreen separately)
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Figure 6- Effect of light treatment on zinc concentration of microgreens (the average comparison is done in
each microgreen separately)
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Figure 7- Effect of light treatment on magnesium concentration of microgreens (The average comparison is
done in each microgreen separately)
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Figure 9- Biplot results on the measured traits of fennel, chia and chicory microgreens
Chia-RB: microgreen chia-70% red light + 30% blue light, Chia-Con: microgreen chia-light witness, Chicory-
RB microgreen chicory-70% red light + 30% blue light, Chicory-Con: microgreen chicory- light witness,
Fennel -RB: microgreen fennel-70% red light + 30% blue light, fennel-Con: microgreen fennel-control light,
FW: plant fresh weight, InNod: internode length, Chle: total chlorophyll, Floveno: flavonoid, Ca: calcium, K:
potassium, Na: sodium, Mn: manganese, Mg: Magnesium, Zn: Zinc, Fe: Iron
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