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Abstract
Wheat sprouts (Triticum aestivum L.), are recommended for human food consumption, due to the rich content in
nutritional elements of high level bioavailability. This particular bioavailability is given by genetic information
and the capacity of wheat seeds (Triticum aestivum L.), to convert light energy into biochemical energy. The
objectives of our work was to assess the effect exercised by LED-s and sunlight treatments on the wheat sprouts
in terms of the number, fresh weight, polyphenols concentration, proteins and flavonoids content, as well as
antioxidant activity. The best results obtained for the rate and the fresh weight of sprouts, have been achieved in
the case of irradiation with red (R) light treatment. The influence exercised by LED-s emitted red (R) light
improved the flavonoids concentration. The highest concentration of polyphenols of wheat sprouts was
determined by irradiation with sunlight, while the enhanced antioxidant activity was induced by illumination
with blue (B) light LED. The higher proteins content was observed by red (R) illuminated LED.
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1. Introduction
Wheat (Triticum aestivum L.), is an annual species belongs to the Triticum Genus, Poaceae
Family (http://www.theplantlist.org/tpl1.1/record/kew-448365, [1]), which is cultivated at a
global level in temperate climate areas (Europe, North and South America, Asia and
Australia).
Wheat (Triticum aestivum L.), is a species having important contribution (R. J. PEÑA, [2]),
to the human existence, being used for: human nutrition (flour, breads, cakes, drink, sprouts,
etc. – (V. PATHAK & S. SHRIVASTAV, [3]), bio-pharmacology (antiinflammation and
antioxidant activities, treatment of obesity, preventing rashes, etc. – (V. PATHAK & S.
SHRIVASTAV, [3]), bio-degradable manufactures industries (textiles, wood construction
materials, biodegradable plastic eating tools – (V. PATHAK & S. SHRIVASTAV, [3]), as
well as necessary food for future air–spatial missions which are to be extended for a long
period of time (C. DONG & al., [4]; B. LI & al., [5]). The nutritional quality of wheat
(Triticum aestivum L.) derives from the contents in: good quality proteins, a high content of
non–saturated fats, food fibers, minerals, vitamins as well as bioactive compounds (L.
PLAZA & al., [6]; L. ALVAREZ-JUBETE & al., [7]; V. PATHAK & S. SHRIVASTAV,
[3]).
The LED - irradiated light is a physical factor which can brings a decisive contribution to the
obtaining of large biomass production. LEDs have multiple advantages over traditional light

sources: ability to emit a narrow band of light, high purity and efficacy, tiny size, longer halflife, and lower power consumption (S. ASTOLFI & al., [8]; F. XU & al., [9]).
Many studies from the last years are focused on the influence of LED-s irradiated light on the
germination of seeds and the quality of germinated seed (antioxidant properties (G.
SAMOULIENE & al., [10]), especially on wheat sprouts and the quality of plants being
achieved (C. DONG & al., [4]).
The light emitting diode (LED) radiation can increase the antioxidant activity in pea
seedlings (M.C. WU & al., [11]) and the phenolic content in buckwheat sprouts (Z. HOSEN,
[12]).
The use of single-spectral blue or red LEDs has resulted in significant improvements in the
quality and yield of vegetables and fruits (e.g., cucumber, pepper, and strawberry fruits) when
compared with white fluorescent or solar light (H.G. CHOI & al., [13]; X. HAO & al., [14];
H.-M. LI & al., [15]).
In this respect, the aim of this paper is to evaluate the influence of treatments with LED-s
illumination (red, white or blue) and sunlight on the rate, the fresh weight, the proteins,
polyphenol, flavonoids concentration and antioxidant activity of wheat sprouts.

2. Materials and Methods
The biological material was represented by wheat seeds. The seeds have been obtained from
two commercial sources (variety S1 and variety S2). The seeds germination and sprouts was
occurred under sterile conditions. The seeds sterilization has been carried out according to the
following protocol: 1 minute immersion into a 70% ethylic alcohol solution and three times
washing with sterile distilled water (E.M. BADEA & D. SĂNDULESCU. [16]; D.
CACHIȚĂ-COSMA & al., [17]). The seeds inoculation was accomplished in transparent
recipients on sterile gauze soaked in 10 ml sterilized distilled water (I.M. ENACHE & O.
LIVADARIU, [18]), under dark conditions for 24 hours.
The light – based treatments were performed using four types of irradiation, respectively:
sunlight and the LED-s irradiated light, with three spectrum variants (cold white, deep red C. DONG & al., [19] - and high blue). The treatments with sunlight or LED-s irradiated light
have been applied during the 16 h photoperiod (I.M. ENACHE & O. LIVADARIU, [18]), for
four days, with incubation at a temperature of 23°C ± 2°C / photoperiod and at the
temperature of 20°C ± 2°C / dark period (I.M. ENACHE & O. LIVADARIU, [18]). The
technical characteristics of LED-s are: power 18 W, voltage 220 V and light flux 435 lm.
The experimental plan consisted of eight experimental variants:
- V1 / S1N = S1 + treatment by sunlight (N);
- V2 / S1W = S1 + treatment by white color LED-s – emitted light (W);
- V3 / S1R = S1 + treatment by red color LED-s – emitted light (R);
- V4 / S1B = S1 + treatment by blue color LED-s – emitted light (B);
- V5 / S2 N = S2 + treatment by sunlight (N);
- V6 / S2W = S2 + treatment by white color LED-s – emitted light (W);
- V7 / S2R = S2 + treatment by red color LED-s – emitted light (R);
- V8 / S2B = S2 + treatment by blue color LED-s – emitted light (B).
1. The protein extraction was performed by grinding the sprouts tissue in 50 mM potassium
phosphate buffer, pH 7.2 mM EDTA, pH = 6.8, 4%pvp (polyvinyl pyrrolidone), (in relation
to 1 g / 0.5 ml, dry weight / buffer) at 4°C for 24 hours. The extract was centrifuged 18.000
rpm for 20 min and the supernatant was used for protein estimation. The protein
concentration was carried out using Bradford method (M.M. BRADFORD, [20]) based on

binding of protein by Coomassie Blue and measurement the absorbance of protein-dye
complex at 595 nm.
2. Preparation of methanolic extracts. 4 ml of 100% methanol were added to 1g of sprout
and grounded in a mortar with pestle. The extract was maintained overnight to 4oC. After
centrifugation 20 min. at 15.000 rpm the supernatant was used for determination of phenolic
compounds, antioxidant capacity and flavanoids content.
3. The polyphenol content in methanolic extracts was evaluated using a modified method
with Folin-Ciocalteu reagent (V. MIHAILOVIĆ & al., [21]). The reaction mixture consisted
from 0.5 ml methanolic extract, 2.5 ml Folin-Ciocalteu diluted 1:10 and 2 ml 7.5% Na2CO3.
The mixture was incubated for 30 min. at room temperature. The absorbance was measured at
765 nm. The calibration curve was prepared with different concentrations of gallic acid. The
results are expressed in mg equivalent gallic acid /g fresh weight.
4. The antioxidant capacity of methanolic extracts was carried out according to Marxen et
al. (K. MARXEN & al., [22]), using DPPH (2,2-diphenyl-1-picrylhydrazyl) and a calibration
curve with Trolox as antioxidant standard. The mixture was incubated at room temperature
for 30 min. and spectrophotometrically detected at 517nm. The antioxidant capacity was
expressed in MTrolox/g fresh weight.
5. The flavonoid compounds in methanolic extracts were estimated using Zhishen et al. (J.
ZHISHEN & al., [23]), modified method with aluminum chloride. The 0.5 mL of methanolic
extract were mixed with 2ml of distilled water and 150 µl of 5% sodium nitrate. After 5
min., added 150 µl of 10% aluminum chloride and incubated for 6 min and then 2ml of 4%
sodium hydroxide were added. Absorbance of the mixtures was measured at 510 nm. It used
a calibration curve with rutin. The flavonoids concentration was expressed in mg equivalent
rutin / g fresh weight.
Statistical procedures. The variants were consisted from 15 wheat seeds. All analysis were
performed in triplicate. The data have been statistically analysed and the standard deviation
of mean was calculated. The rate, the fresh weight of sprouts (A), antioxidant activity,
polyphenols, flavonoids, proteins content (B) were achieved.

3. Results and Discussion

The medium values of the
rate of sprouts (no.)

A. Determination of the rate and the fresh weight of wheat sprouts by irradiation with
white, blue, red LED-s and sunlight
A.1. Determination of rate of wheat sprouts (Figure 1), showed the highest value in the
case of variants V3 / S1R (14) and V6 / S2W (14), and the lowest value in the case of variant
V2 / S1W (12). The values of the rate from others five sprout variants (V1 / S1N, V4 / S1B,
V5 / S2N, V7 / S2R and V8 / S2B), has been similarly (13).
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Figure 1. The medium values of the rate of wheat sprouts (no.),
for experimental variant (V1-V8)

The medium values of the
fresh weight of sprouts (g)

Thus, the treatment with red LED (V3 / S1R) or with white LED (V6 / S2W) induced a
superior rate of sprouts in comparison to the others variants. The red light (R) irradiated by
LEDs determined a higher rate sprouts for S1 in comparison with variety S2.
The treatment applied with LED-s emitted white light (W) is more beneficial for variety S2
(V2/ S1W) as compared to variety S1 (V6/ S2W), in terms of sprouts rate. These results lead
to conclusion that white (W) or red (R) light LED influences the type of wheat species will be
used for achieved a large sprouts number.
A.2. Determination of the fresh weight of wheat sprouts (Figure 2), showed that the
highest value for variant V3 / S1R (2.12 g), and the lowest value for variant V7 / S2R (1.72g)
g).
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Figure 2. The medium values of the fresh weight of wheat sprouts (g),
for experimental variant (V1-V8)

The comparable values were obtained in the case of variants V4 / S1B (1.86 g), V5 / S2N
(1.84 g) and V1/S1N (1.80 g). Similar values were observed for the variants V2 / S1W and
V6 / S2W (1.74 g).
The analysis of two varieties (S1 and S2) demonstrated that the red (R) LED-s irradiated light
determined the highest fresh weight of sprouts for variety S1 and a low value for variety S2.
The sunlight (N) and white (W) LED-s irradiated light produced similar effect on the sprouts
fresh weight for both varieties S1and S2. The LED-s irradiated blue (B) light improved the
sprouts fresh of variety S2 in comparison with variety S1.
B. Biochemical analyses

B.1. The proteins concentration of wheat sprouts illuminated with white, blue, red LED-s
and sunlight (Figure 3)
The illumination with red light illuminated LED produced the highest protein concentration
for S1variety.The treatment with blue illuminated LED induced the best protein concentration
for the S2 variety. If compared the impact of white illuminated LED for both variants of
sprouts wheat it can be observe that the proteins concentration is higher to first variant
S1.The red and blue light illuminate LED induced an opposite response to S1 and S2
varieties.

Figure 3. The proteins concentration of wheat sprouts for experimental variant (V1-V8)

B.2. The antioxidant capacity of wheat sprouts illuminated with white, blue, red LED-s
or sunlight (Figure 4)
The antioxidant capacity in wheat sprouts was higher by treatment with blue illuminated
LED for both S1and S2 varieties. This results are similarly with our previuos studies (O.
LIVADARIU & C. MAXIMILIAN, [24]), concerning the effect of blue LED light on
buckwheat sprouts. The blue LED induced an increasing of antioxidant capacity on
buckwheat sprouts. The red light LED induced the lowest proteins concentration for variety
S1 while white LED light determined similar response for both varieties (S1 and S2).

Figure 4. The antioxidant capacity of wheat sprouts for experimental variant (V1-V8)

B.3. The polyphenols concentration of wheat sprouts illuminated
LED-s or sunlight (Figure 5)
The sunlight induced the highest polyphenols concentration. The
produced very close values of polyphenols concentration for S1
treatment with white LED detemined twice as high concentration
varieties.
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as that for S1and S2

Figure 5. The polyphenols concentration of wheat sprouts for experimental variant (V1-V8)

B.4. The flavonoids concentration of wheat sprouts illuminated with white, blue, red LED-s
or sunlight (Figure 6)
The highest concentation of flavonoids in wheat sprouts was determined by illumination with
red LED light while the white LED light was similar for both S1 and S2 varieties but higher
than the variant illuminated with sunlight. The red LED light produced an opposite effect for
S1variety (lowest value) and S2 variety (higher value).

Figure 6. The flavonoids concentration of wheat sprouts for experimental variant (V1-V8)

Our previuos studies (O. LIVADARIU & C. MAXIMILIAN, [24]), on sprouts buckwheat
have shown similar results regarding the illumination with red and blue LED-s light. This
species, considered a pseudocereal, containes the highest amount of flavonoids when is
illuminated with red LED light.

4. Conclusions
The rate and the fresh weight, phenolic and flavonoids compounds, proteins and antioxidant
activity were determined in the wheat sprouts cultivated under different LED lamps with
different three spectrum variants (white, red and blue) and sunlight. The studies regarding the
effect exercised by LED-s and sunlight treatments on wheat sprouts (Triticum aestivum L.),
proved that:
- the LED treatment exercise a low level effect, similar or minor differences, over the
relevant rate of sprouts;

-

the LED treatments exercise a variable influence or minor differences in terms of the
fresh weight of sprouts;
irradiation with LED-s emitted red light (V3 / S1R) improved the rate of sprouts and
the fresh weight of sprouts,
the type of wheat varieties (S1 or S2) is relevant to obtained large number of sprouts
to treatment with white or red LED-s irradiated light;
the treatments with red LED-s light determined the amplifying of the metabolic
pathways for biosynthesis of proteins and flavonoids;
the highest concentration of polyphenols was obtained by illumination with sunlight;
the highest antioxidant capacity was determined by illumination with blue LED light.
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