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Abstract Barley (Hordeum vulgare cv. Hangmaeg) sprouts
are important microgreens that contain high levels of
polyphenols and flavonoids, as well as minerals, vitamin and
chlorophyll. Barley sprouts were grown for 9 days and
growth was checked every 3 days. In this study, the cultivation
efficiency according to the nutrient solution treatment was
evaluated by analyzing the length of barley sprouts, fresh
weight, chlorophyll, and the yield by growth period. In
addition, we tried to increase the industrial applicability of
germinated barley through analysis of inorganic component,
total polyphenol and total flavonoid content of the extract,
and functional substance analysis using HPLC. As a result,
the growth rate of the nutrient solution treatment group was
faster than that of the control group. When harvested on the
9th day of sowing, the nutrient solution treatment group
showed a significant increase in yield compared to the
control group. And the barley sprout extract of the nutrient
solution treatment group had higher total flavonoid content
and luteolin content. Also, the efficiency of water was higher
than that of ethanol when extracting phenolics from barley
sprouts. Therefore, this study suggests that nutrient input is
effective for increasing polyphenol content and increasing
production in barley sprout hydroponics.
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(Chung et al. 2019; Hegab 2018; Meng et al. 2015).
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=& i-Mark microplate reader (168-1135, Bio-Rad, Hercules, CA,
USA)ZE 24319t 24 AR 4= F&E42
A3} gallic acid 33 = tiH] & &2 9 & af(gallic acid
equivalent; GAE) & = A Absto] Yep it} & S o]
= BheF 5O 225100 uLoj| of B2 300 L, 10% aluminium
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£ o]&3kth S5 4-2 272 nm = AH&-51%{ T Column-
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based ODS, YMC, Devens, MA, USA)S AF&35}1 a1 &0ff =
A8 A: 2542(0.1% formic acid), B: acetonitrile (0.1% formic
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Table 1 The effect of nutrient solution on barley sprouts length

A 2520 BE HojH i ke 4HE 5 B U

EFAAE 23 EA 42 Statistical Package for
the Social Sciences (SPSS, ver. 20.0, SPSS Inc., Chicago, IL,
USA) Z 2135 o] §-5Fo] UujA] AREA] 3} Duncan’s
Multiple Range Test= & 2] 4522 A A 51 th(p<0.05). H] 1L
ko] 271 o] 5kQl 75 ttestE F 3l 124 Aol = &<l st
pile

J 5} Th(Table 1). A&+
A} 57 7ko] o]
sufl o] 4} zpo] 7} uHA 5}
Ao 1L A2 0] 2ol
U} o] Zof| ke oF Y A 2= A 7 ot
o P%:‘—Zgoleioﬂl:}(pw%)
AR 2] o] X ek o= 99 o K77 ek 2A A%
814 xgker. 53l 6 2 Z7}el7) g 7
Fe BTk B A e oF o AP Abolof e -9
29l Zfo] 7} ““ﬂé}xl %?‘EM FH Ao wE a2
O 2| FHef A 5HE5 ek AA| dol= 3U Ao A 4.75 ~
6.58 cm=z 2 x}-o] 7} L}E}L}X] olok o1} 6 2} 0] & T3] 2
F(11.72 £2.36 cm)of| H| 5l &FH 2=t 2433, 15cm
o] 4e] Zol7}k gl E At} 6 Aol A el H A 249
oFell Aef o] AEA AA Aol Aol 9d Aol = F-A]
=ik oFe) A2l A o] e Age 7R o

N
)
o
N
2
O
)
O\

u] al-lq] O o] A

Growth . . Length (cm)

duration Nutrient solution Shoot Root Plant
Control 2.89 + 0.74 b* 273 £ 0.87 a 562 £ 1.19 a

3 days 0.5 g/L 292+ 042 b 183 £ 0.71 b 475 £ 0.61 b
1 g/L 373 £ 055 a 285+ 044 a 6.58 £ 0.85 a
Control 928 £ 210 b 2.44 + 0.58 11.72 £ 236 b

6 days 0.5 gL 1221 + 1.34 a 3.26 = 1.39 1547 £ 2.02 a
1 gL 12.71 £ 0.95 a 298 + 1.33 15.59 £ 1.62 a
Control 16.59 + 0.96 ¢ 3.24 + 1.02 19.83 + 1.18 b

9 days 0.5 g/L 2099 + 135 a 3.71 + 1.68 24.70 + 2.60 a
1 g/L 19.94 + 0.98 b 3.70 + 1.54 23.64 + 2.06 a

*Means with different letters (a-¢) in the same column are significantly different at p < 0.05 (Duncan).
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Table 2 The effect of nutrient solution on the fresh weights and moisture in barley sprouts

Growth . . Fresh weight (mg) Moisture (%)
duration Nutrient solution Shoot Root Shoot Root
Control 27.87 + 7.30 b 9554 + 13.17 a 9487 + 146 a 61.02 + 9.03
3 days 0.5 gL 29.33 £ 7.93 ab 83.46 + 15.48 ab 89.70 = 5.04 b 55.52 + 14.47
1 gL 35.75 £ 6.60 a 77.02 £ 18.89 b 90.72 £ 2.94 b 60.35 £+ 8.91
Control 70.00 £ 12.17 ¢ 112.13 + 25.81 91.24 + 148 75.93 £+ 6.48
6 days 0.5 gL 88.19 + 16.11 b 99.29 + 17.81 90.20 + 2.37 80.62 + 4.21
1 gL 105.80 £ 17.40 a 109.49 £ 20.51 89.94 + 3.34 77.18 £ 7.73
Control 108.35 £ 11.13 b 110.52 £ 12.17 a 90.10 £+ 1.96 81.28 + 3.97
9 days 0.5 g/L 140.73 + 22.65 a 91.83 = 1463 b 90.66 = 1.71 82.68 + 5.41
1 gL 145.78 £ 17.52 a 95.84 = 19.05 b 90.73 £ 2.26 80.42 £ 7.10
“Means with different letters (a-c) in the same column are significantly different at p < 0.05 (Duncan).
Table 3 The effect of nutrient solution on the chlorophyll content in barley sprouts
Growth . . mg/g of fresh weight
duration Nutrient solution ChP a Chl b Total Chl Carotenoids Chl a/b
Control 2.66 = 0.06 0.34 £ 0.01 3.00 £ 0.05 0.97 £ 0.03 7.81
3 days 0.5 g/L 2.48 + 0.40 0.29 + 0.40 2.77 £ 0.44 091 £ 0.14 8.55
1 gL 2.95 £ 0.27 0.34 £ 0.07 335 £ 035 1.07 £ 0.08 7.38
Control 3.59 £ 0.07 0.53 £ 0.10 4.12 £ 0.16 1.30 £ 0.01 6.77
6 days 0.5 g/L 420 + 0.74 0.61 £ 0.16 4.81 £ 0.90 1.52 £ 0.26 6.88
1 gL 4.14 £ 0.81 0.59 + 0.14 473 = 0.96 1.50 = 0.29 7.01
Control 3.22 + 0.67 0.99 + 0.02 ¢* 422 £ 0.69 1.07 £ 0.25 3.25
9 days 0.5 gL 435 £ 0.14 1.16 = 0.11 ab 5.51 £ 0.25 1.47 + 0.03 3.74
1 gL 435 £ 0.25 1.26 £ 0.04 a 5.61 £ 021 1.45 £ 0.11 3.46

YChl : Chlorophyll.

“Means with different letters (a-c) in the same column are significantly different at p < 0.05 (Duncan).
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Table 4 The effect of nutrient solution on the yield in barley sprouts at 9 days

g/seedbed (22.5 cm x 32.5 cm)

Nutrient solution

Fresh weight Dry weight
Control 64.11 + 28.05 bv* 621 £ 148 b
0.5 gL 107.81 + 19.28 ab 10.63 £ 2.17 a
1 g/L 121.71 £ 30.03 a 11.93 £ 2.58 a

“Means with different letters (a-b) in the same column are significantly different at p <0.05 (Duncan).

Table 5 The effect of nutrient solution on the minerals in barley sprouts

Nutrient solution

Control

0.5 gL 1 gL

Macro mineral (mg/g of dry powder)

22.67 + 1.30 22.70 + 0.36 22.33 £ 0.55
P 847 +£ 055 b 923 +£ 021 a 9.00 + 0.20 ab
12.57 £ 135 ¢ 28.80 + 0.95 a 2543 £ 123 b
Ca 0.93 + 0.06 ¢ 2.13 £ 0.06 a 1.67 + 0.06 b
Mg 207 £ 021 b 2.40 + 0.00 a 2.00 £ 0.10 b
Na 1.63 + 0.15 1.70 + 0.10 1.77 + 0.06
Micro mineral (ug/g of dry powder)
Fe 5093 + 6.17 a 3893 £ 353 b 36.73 £ 2.06 b
Mn 2533 £ 2.01 a 24.80 + 226 a 1933 £ 1.19 b
Zn 27.50 £ 195 a 21.50 £ 3.70 b 19.13 £ 0.81 b
Cu ND* ND ND

YMeans with different letters (a-c) in the same row are significantly different at p < 0.05 (Duncan).

“ND; not detected.
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Table 6 The effect of nutrient solution on the total polyphenol, total flavonoid, and luteolin contents in various barley sprout extracts

Extracts

Ethanol extract

70% Ethanol extract Water extract

Total polyphenol content (mg GAE"/g)

Control 39.79 + 0.78 A°” 14020 + 1.41 A° 157.15 £ 1.20 A?
0.5 g/L 35.05 + 0.73 B° 129.06 + 0.55 B° 145.03 £ 2.45 B
1 g/l 33.20 £ 1.07 C° 128.53 + 2.01 B° 146.53 £ 0.76 B
Total flavonoid content (mg QEx/g)
Control ND 25.14 £ 1.14 b *** 1844 £ 149 b
0.5 g/L ND 29.58 + 1.11 a 3135 £ 291 a
1 g/l ND 3026 = 1.34 a 3192 £ 2.15 a
Luteolin content (ug /g)
Control 6.07 £ 1.17 ¢ 4753 £ 1.26 a 39.18 £ 2.88 b
0.5 g/LL 688 £ 1.11 b 48.61 £ 423 a 44.14 £ 7.13 a
1 gL 718 £ 0.11 b 52.08 £ 333 a 47.09 £ 391 a

“GAE: gallic acid equivalents of extract.
*QE: quercetin equivalents of extract.

YMeans with different letters (A-C) in the same column are significantly different at p < 0.05 (Duncan).
Means with different letters (a-c) in the same row are significantly different at p < 0.05 (Duncan).

“**Represents significant differences with p < 0.01.
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