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INTRODUCTION

Tartary buckwheat in  the  form of  noodles, fl our and 
steamed bun is a commonly consumed food in Asian coun-
tries. In recent years, tartary buckwheat (Fagopyrum esculen-
tum) has received increasing attention due to its abundant 
nutritive compounds. Tartary buckwheat sprouts are new veg-
etable products that have also attracted a lot of attention be-
cause they have not only high levels of fl avonoids [Kim et al., 
2004] but also some benefi cial functions on blood pressure 
[Nakamura et al., 2013]. Flavonoids as a large class of second 
metabolites are widely distributed in many plants including 
tartary buckwheat and display antioxidant activity in plants 
[Pietta, 2000]. Flavonoids  are synthesized by  the  phenyl-
propanoid metabolic pathway in which the amino acid phe-
nylalanine  is  used to produce  4-coumaroyl-CoA catalyzed 
by  the enzyme – phenylalanine ammonialyase (PAL) [Koes 
et  al., 1994]. Chalcone isomerase (CHI), a  second key en-
zyme, mediates the phenylpropanoid pathway for the synthe-
sis of fl avonoids [Winkel-Shirley, 2001]. 

Many factors such as lights [Cortell & Kennedy, 2006] 
and  rare earth elements [Liang et al., 2006] have effects on 
the accumulation and distribution of fl avonoids. Wang et al. 
[2013] reported that the  total fl avonoids content in  tartary 
buckwheat increased by  adding the  additives (Al3+, Cu2+, 
and Zn2+) when their concentration was in  a  certain range 
and decreased when their concentration was beyond a certain 
range. It was also reported that in  the callus-cultured Malva 
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neglecta cells, UV irradiation increased fl avonoids and antho-
cyanin content signifi cantly compared with darkness [Khatami 
& Ghanati, 2011], and blue light increased rutin and quercetin 
content in tartary buckwheat sprouts [Tsurunaga et al., 2013].

Ultraviolet as a common natural environment factor affect-
ed the morphological growth, biochemical and physiological 
responses of plants [Caldwell et al., 1998; Zhang et al., 2003]. 
It  was traditionally divided into three wavelengths: UV-C 
(200–280 nm), UV-B (280–320 nm), UV-A (320–400 nm). Blue 
light was another important environmental factor involved 
in  a wide range of  plant processes such as phototropism, 
photomorphogenesis, stomatal opening, and photosynthesis 
[Whitelam & Halliday, 2007], and it could lead to higher plant 
biomass [Matsuda et al., 2008]. Several studies indicated that 
the  chalcone synthase (CHS), a  key enzyme for fl avonoids 
biosynthesis, was involved in synergistic effect of UV and blue 
light [Jenkins, 1997]. Ohl et al. [1989] reported that blue light 
increased the response to a subsequent UV-B pulse, and it led 
to the  increase of CHS impression. However, there are only 
few studies on the effect of blue light and UV-A/UV-C on lev-
els of fl avonoids and fl avonoids biosynthesis related enzymes 
in tartary buckwheat sprouts. Hence, we examined the effects 
of  the combined effects of blue and UV-A (356 nm)/ UV-C 
(254 nm) lights or their combinations on fl avonoids of tartary 
buckwheat sprouts.

MATERIAL AND METHODS 

Material and chemical reagents
Dried tartary buckwheat seeds (Fagopyrum esculentum) 

called HeiFeng NO.1 in the experiments were obtained from 
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Shanxi province, China. Chemical reagents as rutin (  purity 
>99%) and  quercetin (purity >99%) were purchased from 
Sigma-Aldrich (USA) and the other reagents were purchased 
from Sinopharm C  hemical Reagent Co., Ltd.

Germination procedures
Tartary buckwheat seeds were sterilized with 1.25% (w/v) 

sodium hypochlorite at room temperature for 30  min to 
eliminate micro-organisms, and then washed three times with 
distilled water. Before germination, seeds were soaked in tap 
water at 25±1oC in a rtifi cial climate incubator for 12 h. Then, 
20 g seeds were spread into each tray (30 cm×40 cm) with 
three pieces of fi lter paper. The seeds were incubated at 98% 
RH and 30±1oC for 3 days. After germination, the sprouts 
were carefully washed with distilled water and removed theas 
soon as possible and  stored at -80oC until their use. Some 
sprouts were dried at -80oC for 24  h, ground into powder 
and passed through a 20-mesh screen sieve.

Lights irradiation treatments
Blue light fl uorescent lamps (15 W) were purchased from 

Toshiba and UV lamps (16 W, GL–9406) were purchased from 
Shanghai Chaojing science and Technology Co. Ltd. The irra-
diation equipment was designed according to Tsurunaga et al. 
[2013] with some modifi cations and  it  is  shown in Figure 1. 

The  irradiation intensity of  the  light sources is  shown in Ta-
ble 1. The seeds were cultivated in darkness for 60 h to allow 
them to germinate, and  then were irradiated by UV-A/UV-C 
and blue light or their combinations for 12 h. Their combina-
tions were shown as follows: UV-A+Blue light (UV-A+BL), 
Blue light+UV-A (BL+UV-A), UV-C+Blue light (UV-C+BL), 
Blue light+UV-C (BL+UV-C). For example, UV-A+BL: tatary 
buckwheat sprouts were irradiated with UV-A for 6 h and fol-
lowed by blue light for another 6 h. Darkness was set as control. 

Determination of sprouts length
Three days later, sprouts from 10  replicated plants per 

treatment were measured from the surface of the bottom to 
the top of the sprouts.

Determination of total fl avonoids
The  determination of  total fl avonoids was based on 

the method of Stockova et  al. [2009] with some modifi ca-
tions. One gram of  freeze dried tartary buckwheat sprouts 
was immersed in  50 mL 60% (v/  v) ethanol, and  put into 
70oC water bath for 6 h, and then centrifuged at 3000×g for 
10 min. The supernatant was the extract sample. Then, 1 mL 
of sample extract was transferred to a 10 mL volumetric fl ask 
and 2 mL of 0.1 mol/L aluminum chloride solution and 3 mL 
of 1 mol/L potassium acetate were added. The mixture was 
diluted to scale (10 mL) with 60% (v/v) ethanol, mixed well 
and kept in darkness for 30 min. The absorbance at 420 nm 
of the mixture after reaction was measured. Rutin was used to 
plot a standard curve (shown as follows), and total fl avonoids 
were expressed as rutin equivalents.

A420=21.923 (mg/mL) rutin – 0.028, R2=0.993

Assay for PAL  activity determination
The procedure of extraction and measurement was per-

formed according to   Chen et  al. [2003] and  Assis et  al. 
[2001] with some modifi cations. Fresh buckwheat sprouts 
(1.0  g) without testa (seed coat) were grou  nd with mortar 
and pestle at 0oC in 5 mL 0.1 mol/L borated buffer (pH 8.8) 
containing 1  mmol/L ethylene diamine tetraacetic acid 
(EDTA), 5 mmol/L mercaptoethanol, 1% (w/v) polyvinylpyr-
rolidone (PVP) and 1% (v/v) glycerol, and  then centrifuged 
at 12,000×g, 4oC fo  r 20 min. The supernatant was used as 
a  resource of  crude enzyme. Total protein amount was de-
termined according to Bradford method with bovi  ne serum 
albumin as a standard (A595=0.0219 bovine serum albumin 
(μg/mL)-0.028, R2=0.9991). A 0.5 mL aliquot of crude en-
zyme extract was added to 3 mL 0.1 mol/L borated buffer 
(pH 8.8), and  1.5 mL of  substrate (0.2 mol/L L-phenylal-
anine). The mixture was incubated in a water bath at 30oC 
for 1 h. PAL activity was estimated by measuring the varia-
tion of  the absorbance at 290 nm (A290) per hour. Variation 
of 0.001 A290 was defi ned as one unit (U) and specifi c enzyme 
activity was defi ned as one unit per mi  lligram of protein.

Assay for CHI ac tivity determination
The  determination of CHI activity was carried out ac-

cording to the method of Lister et al. [1996] and Wang et al. 
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 FIGURE 1. Irradiation equipment for tartary buckwheat sprouts (units 
in mm). A/C shows switch of UV-A/UV-C and blue shows switch of blue 
light.

TABLE 1. Intensity of irradiation from different light.

Source Intensity (W/m2)

Control(darkness) 0

BL+UV-A 136.26

UV-A+BL 136.26

BL+UV-C
UV-C+BL

136.26
136.26

Blue 66.93

UV-A 70.32

UV-C 70.32
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[2013] with some modifi cations. Sprouts were ground with 
mortar and pestle at 0oC in 5 mL, pH 8.0 sodium phosphate 
buffer, and  then centrifuged at 10,000×g, 4oC for 20 min. 
The  supernatant was used as a  resource of  crude enzyme. 
A  0.75 mL aliquot of  crude   enzyme liquid was added to 
the mixture containing 2 mL of  0.05 mol/L Tris-HCl buf-
fer (pH 7.4), 7.5 mg/mL of bovine serum albumin (BAS), 
50 mmol/L of KCN and  50  μL of  1 mg/mL hydroxylated 
chalcone. The  reaction was conducted at 30oC for 30 min. 
The variation of absorbance at 381 nm (A381) was used to 
estimate CHI activity. Variation of 0.001 A381 was defi ned as 
one unit (U) and specifi c enzyme activity was defi ned as one 
unit per milligram of protein.

Assay for RDEs activity determination
The RDEs activity was determined according to the proce-

dure of Chen et al. [2011] with some modifi cation. One gram 
of  tartary buckwheat sprout powder was extracted in 5 mL 
of 0.2 m  ol/L acetate buffer (pH 4.0) at 4°C for 3 h, and then 
was centrifuged at 10,000×g , 4°C for 20 min. The superna-
tant was the crude enzyme extract and was stored at 4°C until 
its use. 0.04 mL of enzyme extraction reacted with 0.15 mL 
of  enzyme substrate (0.1  g of  rutin dissolved in methanol, 
wh ich was diluted 10 times by acetic acid buffer solution) at 
50oC water bath for 3 min and 0.8 mL methanol was immedi-
ately used to stop the reaction after 3 min. Then, it was diluted 
by 5 mL of diluents liquid (16.8 mL, 0.2 mol/L acetate buffer 
was added to 100 mL volumetric fl ask, and diluted to the scale 
by methanol). The absorbance of  sample was measured at 
selected wavelengths (343.3 nm and 372 nm). The variation 
of absorbance of 0.001 at 343.3 nm and 372 nm was defi ned 
as one unit (U) and the RDEs act  ivity was U/mg dry matter.

DPPH radical scav  enging activity
DPPH radica  l scavenging activity (RAS) was measured 

according the method described by  Takahata et  al. [2011] 
and Nakajima et al. [2009] with some modifi cations. Briefl y, 
5 mL of  the previous  ly prepared 60% (v/v) e  thanol extract 
was added to 5 mL, 200 μmol/L DPPH in ethanol. The mix-
ture was incubated at room temperature in  darkness for 
30 min, and  the absorbance was measured at 517 nm (AT). 
Pure DPPH solution was set as control and its absorbance at 
517 nm was A0 The DPPH radical scavenging activity (RAS) 
was calculate  d as follows:

RAS(%)=(A0-AT)×100/A0

HPLC analysis for rutin and quercetin
The    content of  rutin and quercetin in  tartary buckwheat 

sprouts was analyzed by using a quantitative SHIMADZU 
HPLC   system, consisting of  SHIMADZU 20AD    pumps, 
a SHIMADZU SIL-20A auto sampler and  a SHIMADZU 
SPD-M20A detector. Samples were separated on a reversed 
phase Phenomenex C18 column (4.6×150 mm, 5 μm particle 
size) and all the samples were passed through 0.22 μm mil-
lipore fi lter. Acetonitrile and 0.05% (v/v) phosphoric acid were 
used as solvents, pumped at a fl ow rate of 1 mL/min for rutin 
determination and 0.8 mL/min for quercetin determination. 

The UV detection was performed at 256 nm. Quantifi cations 
of rutin and quercetin at different concentrations were used to 
plot a standard curve.

Statistical analysis
All the data were expressed as means ± SD at three rep-

licates of  each sample. Analysis of  variance and  signifi cant 
difference analysis via one-way ANOVA followed by Duncan 
method (P<0.05) were conducted by using SPSS 18.0 soft-
ware. 

RESULTS AND DISCUSSION

Effect of  light combinations on growth of  tartary 
buckwheat sprouts

The length of control and irradiated sprouts was measured 
after 72 h and  the  results are shown in Figure 2. Blue light 
signifi cantly increased length of sprouts, and UV-C dwarfed 
the sprouts. Blue light in combination with UV-A or UV-C led 
to higher length of sprouts than UV-A and UV-C alone. Thus, 
it was obvious that blue light enhanced the growth of tartary 
buckwheat sprouts. 

Effect of  light combinations on the  levels of  total 
fl avonoids and PAL, CHI, RDEs activity

Total fl avonoids content in  tartary buckwheat sprouts 
was greatly sensitive to blue light and UV-A/UV-C or their 
combinations (Figure  3). The  total fl avonoids content 
in  sprouts irradiated with UV-C, UV-A  and  blue light in-
creased respectively 56.1%, 51.2%, 24.2% compared with 
darkness. The  highest content of  total fl avonoids was ob-
served in the tartary buckwheat sprouts irradiated with UV-C 
(47.52 mg/g dry matter) or UV-A (46.02 mg/g dry matter). 
UV-A/UV-C increased in higher extent the  total fl avonoids 
content than blue light alone or combined with UV-A/UV-C. As 
several previous studies reported, both UV-A/UV-C [Khata-
mi & Ghanati, 2011] and blue light [Saber et al., 1998] in-
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FIGURE 2. Effect of  irradiation with different light combinations on 
the  length of tartary buckwheat sprouts. Vertical bars indicate the stan-
dard deviation. BL+UV-A: irradiation with blue light followed by UV-A; 
UV-A+BL: irradiation with UV-A followed by blue light; BL+UV-C: ir-
radiation with blue light followed by UV-C; UV-C+BL: irradiation with 
UV-C followed by blue light. Different letters show signifi cant difference 
(P<0.05).
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creased the accumulation of fl avonoids. However, the effect 
of blue light on fl avonoids was much lower than that of ul-
traviolet (Figure 3).

Blue light showed different infl uence on total fl avonoids 
accumulation when combined with UV-A or UV-C. Blue light 
combined with UV-C increased total fl avonoids content sig-
nifi cantly (P<0.05) when tartary buckwheat sprouts were ir-
radiated with blue light fi rst (BL+UV-C). Total fl avonoids 
content of BL+UV-C was 4.15 mg/g dry matter, higher than 
that of UV-C+BL. This effect was not observed when blue 
light was combined with UV-A (BL+UV-A). Ohl et al. [1989] 
reported that blue light irradiated fi rst followed by UV-B on 
parsley cells increased the expression of CHS, a key enzyme 
in fl avonoids biosynthesis. He explained that the effect of blue 
light on the expression of CHS was stable. Besides, Jenkins 
[1997] reported that blue light irradiated before UV-B re-
sulted in an increase of CHS expression. That effect was not 
observed when UV-B was irradiated before blue light. These 
studies together with the  present investigation suggest that 
blue light could generate a signal that enhanced subsequent 
response to UV-B and  UV-C.  This signal did not appear   
when the combination BL+UV-A was used. Therefore, blue 
light in combination of blue light and UV-B/UV-C generate 
a stable signal to enhance accumulation of fl avonoids. 

Blue light and UV-A/UV-C or their combinations also 
have an important infl uence on the relevant enzymes involved 
in  fl avonoids biosynthesis (Table  2). Blue light and UV-A/
UV-C or their combinations increased the  activity of  these 
enzymes (PAL, CHI and RDEs) signifi cantly (P<0.05) com-
pared with darkness. The effect of blue light in combination 
with UV-A/UV-C on PAL, CHI and RDEs activity in tartary 
buckwheat sprouts was similar to that observed on total fl a-
vonoids content. That is, blue light in  combination of blue 
light and UV-C increased PAL, CHI and REDs activity when 
blue light was irradiated fi rst (BL+UV-C) but showed little 
infl uence when combined with UV-A  (BL+UV-A). Creasy 
[1968] found that the  activity of  PAL was correlated with 
the rate of fl avonoids synthesis. Wang et al. [2013] reported 

that the effects of Al3+, Cu2+and Zn2+ on the total fl avonoids 
during germination of  tartary buckwheat were in  line with 
the activity of PAL and CHI. In the present work, the activity 
of PAL and CHI was in line with the variety of total fl avonoids 
content as well. Therefore, blue light in combinations could 
infl uence fl avonoids content by changing the activity of PAL 
and CHI.

Effect of  light combinations on the  levels of  rutin 
and quercetin

As previous studies reported, the  fl avonoid rutin has 
a  high antioxidant activity [Yang et  al., 2008] and  querce-
tin is  the  degradation product of  rutin, reaction catalyzed 
by RDEs. Stapleton & Walbot [1994] and Lois [1994] in-
dicated that the accumulation of fl avonoids including rutin 
and  quercetin prevent plants from environmental damage 
(such as ultraviolet). In this study, blue light and UV-A/C or 

TABLE 2. Effect of light combinations on PAL, CHI and REDs activity 
in tartary buckwheat sprouts.

PAL 
(U/mg protein)

CHI 
(U/ mg protein)

RDEs 
(U/mg DW)

Control 163.41±6.75a 35.78±3.01a 21.81±0.11a

BL+UV-A 287.89±7.26e 55.47±2.51bc 27.38±0.26cd

UV-A+BL 246.98±5.32d 63.89±3.62c 27.58±0.33cd

BL+UV-C 279.12±7.11e 60.26±3.74bc 27.06±1.24cd

UV-C+BL 227.64±5.65c 42.92±2.19a 24.66±0.83b

Blue 260.13±5.51d 43.83±3.21a 25.36±0.75bc

UV-A (365nm) 192.24±6.57b 96.84±2,75e 27.19±1.31cd

UV-C (254nm) 287.89±9.41e 97.92±1.98e 28.22±0.41d

Data presented are means±standard deviation of  the mean for three 
independent experiments. Different letters show signifi cant differences 
(P<0.05).
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their combinations signifi cantly increased the  levels of rutin 
(Figure  4) and  quercetin compounds (Figure  5). The  rutin 
contents in  sprouts irradiated with UV-C and  UV-A  were 
32.98  and  31.48 mg/g dry matter, respectively, which was 
higher than these of the others. The rutin content in irradia-
tion with blue light irradiated fi rst in combination of blue light 
and UV-C (BL+UV-C) was 13.5% higher than that of (UV-C
+BL), but it showed no difference in  the sprouts irradiated 
with combination of UV-A and blue light either.

DPPH radical scaveng  ing activity
The antioxidant activity of  rutin was determined in  this 

study as DPPH radical scavenging activity (Figure 6). DPPH 
radical scavenging activity in  the UV-A  and UV-C was ap-
proximately 1.48  fold higher than darkness. There were no 
differences from the statistical point of view between irradia-
tion with UV-A, UV-C, and with the combinations BL+UV-A,

UV-A+BL and  BL+UV-C.  Blue light and  UV-A/UV-C or 
their combinations on DPPH radical scavenging activity 
showed the same trend than that of rutin content. Some previ-
ous studies indicated that among phenolic compounds, rutin 
had the highest radical scavenging activity [Watanabe, 2007] 
and it exhibited the strong DPPH radical scavenging activity 
[Yang et al., 2008]. Therefore, DPPH radical scavenging ac-
tivity was greatly infl uenced by rutin content. 

CONCLUSION 

On the basis of the results obtained, we can conclude that 
blue light in combination with UV-C (BL+UV-C) enhanced 
the accumulation of bioactive compounds such as total fl a-
vonoids, rutin and  quercetin in  tartary buckwheat sprouts 
while this effect was not observed when it was combined with 
UV-A (BL+UV-A) .  
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