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Abstract We analyzed the growth and quality characteristics
of barley sprouts grown under artificial light sources con-
sisting of a fluorescent lamp or light-emitting diode (LED)
in an aquaculture system (grown with water only, without
nutrients). At the end of the observation period, the shoots
grown under the fluorescent lamp treatment were the
longest, followed by the LED treatment and natural light-
treatment. It was also observed that growth was faster for
sprouts subjected to a non-sterilizing treatment than those
subjected to a 70% ethanol treatment. As the seed sowing
rate for planting trays increased, the yield of harvested barley
sprouts increased; among light treatments, the natural light
treatment resulted in the lowest yield, while the fluorescent
light treatment resulted in the highest. The total phenol and
total flavonoid contents of extracts of the barley sprouts were
highest for the natural light treatment, but TEAC and FRAP
were both highest for the fluorescent lamp treatment. The
essential amino acid content ranged from 41.64 to 45.93
mg/g and was relatively higher for the natural light treatment
than the other two treatments, while the content of non-
essential amino acids was highest for the LED treatment.
The total amino acid content was highest for the LED
treatment at 97.47 + 6.30 mg/g, for which the content of
non-essential amino acids (53.17%) was higher than that of
essential amino acids (46.83%).
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A2 dWE 5 oy 7HA A-S 7HAAL tkBulaetal. g L UM
1991; Lin et al. 2013; Yeh and Chung 2009).

oot v 2T Bgol A HFAER ol gH= e SANE
(Hordeum vulgare L) F=r81f ol g} R4 A5 417]
g AU, gk A SRl grgolgol ug  2BNASE Y= HANGsego R ot ol
o}, 7 %20 Wa 2212 B x|5te] 1~229 Aw Ay OrAth AEEE] FA= 70% o T2 of Flof whef &

A oF20em g = B Qe o o] &5k A2 A 2l etar gt
oh AR = AR Ao A oA Hoju HA=ro
GolA HAY AFLR o] 8 R o]§o] HiL 3lA]
2 A TH(Lee 2011), Z| ol = thFet 7154 °l dHA A &
oot Al E o 2 7hg-slo] Tl 5} L, A]&( A 7] (Lim et
al.2017), A H(Limet al. 2018), Q1 & 1] (Lee 2020) Aol 2 (Jang
2020), A#H(Lee 2015), 5-7](Choi et al. 2020), A E & x| =
(Park etal. 2017) 5) &) £ & 2 F=7}381A L, H Y (Dung et al.
2010; Fayed 2011)0] U} Zx(Tudor et al. 2004)©] AF& 2 0] &5
7] % jith TR FEE ol Al Aol A it HIEH, v |
FFAFSE 7 52 (Kim et al. 2006; Son et al. 2016)0] U choFst
A B (A DAL L =7], FAteh e, @ 9)(Kim
et al. 2003, 2006; Park et al. 2008)0] $=3}tt= A+ A 1}7})

Ha el
ArQ] o] b v 219 o] LR WS ko] w2 7] S 5} 4
7k oh 7 el Wk . of e 2 ol A
8 A1 9] 27 2 7ol weh Ak o
A% QEAelA 25 EATel WA oKk ek
AB7HA) s x|oll 4 AAeko] A ESahE Ak
o] 7Hs AU £ ol ) she] g Afu] 2
gﬁﬁbgﬁﬂﬁﬂeﬂﬂﬂ 712 Ayl
1of WA A0 A2 g0l 40

I aEa

ZA 59},

i

M7
EO RARTR o T £ F R 0] 2-
38 Al FSHATh o F 422 12417 AT YA B L

Aok A A S 56,9934 A5 24D B
I G 2R v 9U o] EEY HAF B 2
252 2434t

Y 7700l WE 48T A

uel GHY Bl HE A% SHL 24 gIato] o
Sk 72 27100 4 A A3 EF. 2215 4 @ natural ight, NL)
LudEleA Yo A £ 212+ 14°C, 5 & 783 = 4.9%,

CO, 5= 420.2 £6.5 ppm 2] AL A A A A A uj s} o,
&35 % LED A | (fluorescent lamp, FL; light-emitting diode,
LED)«= 224 W 9H g Ao F335(H o1, 74,
gH=)3 LED (F) dl =L E e, tf A, 3= 5 A8t &
E252402°C, 5% 69.4+5.0%, CO, 5= 449.4+2 3.1 ppm,
27] 24/0 (light/dark) % 7 of| 4] A w5} CHTable 1). 2 7]
& AAA 248 old A3 Y& ZrhKim and Lee,
2020). ALY A FWE AL}t BT
LED (Red : White : Blue =2 1: 1) %] 2] & A 3< 285}l c}.
B R 1240 A Ol o0
zstol 5k For wopAtol MlAIE 3 g |
b A otol 5 Aol Boliteh el
2] SA= A, ¥ O%QLEDX_]EE%}F—‘%-/J\—%%

Table 1 Daily change of average temperature, humidity and CO, concentration from growing period under a closed plant factory

system (FL, LED) and green house (NL)

Growth Air temperature (°C) Relative humidity (%) CO; concentration (ppm)

condition FL, LED NL FL, LED NL FL, LED NL

09-28 25.2 20.4 62.1 75.8 424.0 412.3
09-29 25.0 21.6 62.7 75.1 429.2 419.3
09-30 25.3 22.1 68.7 79.7 429.6 424.7
10-01 25.0 20.9 68.5 81.9 429.2 421.4
10-02 25.0 22.1 67.4 76.6 4443 4182
10-03 25.1 23.9 72.6 824 468.5 431.4
10-04 25.1 20.9 72.2 87.5 459.6 425.0
10-05 25.6 19.5 77.8 73.8 484.7 410.0
10-06 25.4 19.5 72.3 72.3 475.1 419.8
Aver. 25.2 21.2 69.4 78.3 4494 420.2

FL = fluorescent lamp; LED = light-emitting diode (Red : White :

Blue =2 : 1

: 1); NL = natural light.
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=12 Ui=o] Auist g AL 7|7 Eor3d 712
A4 A H5te] AAZ, ABF 9 Qo] R Y
=432 D% 2Z9Y F a5 AH(14.5 x 22 em) ]
AlAbet et B FA; 2hg5F-2 80, 100,
2 o] A A skl

Ho Spo Zaay 22 1 32 A L Kim et al (2010)
o] v o] Wk th. Al & 0.5 g2 dimethyl sulfoxide 10 mLoj| 2]
A 8ko] 30°Ce] F2 7o) A] 4841 7 B0 M 4B 22T TFS
B3} 33 A|(UV-2450, Shimadzu, Japan) S -85} ¢ 470, 648
664 mol ] FHES S o9ich 22U o] Fre 7

whgel A o) B3 wE b Aol o 2ste] Astsinh

Chlorophyll a (ug/mL) = 12.25A664 nm - 2.79A648 nm
Chlorophyll b (ug/mL) = 21.50A648 um - 5.10A664
Chlorophyll a+b (ug/mL) = Chlorophyll a + Chlorophyll b
Carotinoid = (1000A470 nm - 1.82chl a - 85.02chl b)/198

R R s R ST R E
ahol U A7) 2 Bajg 205 um A 2 A A Zatsich A

= A Z}A|(CR-400 Minolta Chroma Meter, Konica Minolta
Sensing Inc., Japan) & 0] §-810] %) A 2]of w42 5 2] Bk
9] L* (lightness, *§ &=, 100 (white) ~ 0 (black)), a* (redness, 2] A
I, 60 (red) ~ -60 (green)), b* (yellowness, 228 &=, 60 (yellow) ~
-60 (blue)), AE (overall color difference, 21 | A x})gH-2 33] l
Hslo] =434t} Calibration plate= Y: 93.5, x: 0.3133, y:
031952 H A3t 5 AF&34Th.
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A7 % NaxCOs 100 L& 4 7F8taL thA] 1TA]7F 5¢F Bhg-&
A 71 & i-Mark microplate reader (168-1135, Bio-Rad, Hercules,
CA, USA)E o]-8-38t0] 750 nmoll A S =5 S 5F3ch &
= A2 allic acidE AHE-SHGI T &2t o & 2
s FEHE nfo|aE FHo| 100 pLy Pl o ek
300 L2 A 7}8H] CH;COOK 20 pL, AINO3), 20 pL, 252
S60 WLZ k2t A7 5 A2 o) A] 1412 Bk kA7l o
2 96 well plate®]] 200 uLA] £33} 31 i-Mark microplate reader

£ o) gse] 41 mol 4 FHES 245t BEE AR
+ quercertine AME35F4 T

2.45 mM potassium persulfate2}- 7 mM 2,2-azino-bis-(3-ethylbenzo-
thiazoline-6-sulphonic acid)Z AF3}EHS-A] A THE ABTS o A}
Ap 2] 2ol (A 2] 0.5 g2 70% of 2 10 mLof| 5=
)= 20: 1 8] & 4]0] SR WREAIZ] 3 734 nmof| A] 53

2 24319tk 250 ABTS 2o 2 2 A5 & ol E
2 0 2 ABTS gtt|Z& A| A5k 4 ¢l trolox tf ] &
A(trolox equivalent antioxidant capacity; TEAC) S 2 LEF 31Tt

Femric reducing antioxidant power (FRAP) assay

300 mM sodium acetate buffer (pH 3.6)2} 40 mM HClof| %21 10
mM 2,4,6-tripyridyl-s-triazine, 712} 32 20 mM FeCl;E 10: 1 : 1
o u]g 2 Eakato] 37°C] g-L7]0] A 10271 vl ke ot
96 well plateo]] AR R 2] =ZN(AYAE ] B 0.5 g2 70%
OllEh-E 10mLo]l 32)S S LA 56131 919 EPES 150uL
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o] A =91 th2- 0.45 um 3G-4 glass filter= o] 7}5} 12
sample buffer (pH 2.2)E- ©]-8-35}¢] 50 mL=Z A &35} t}. o]
= AF 2}EE A 7](L-8900 Amino acid auto analyzer, Hitachi,
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EEPEES EEEETEEETEVEENETE
AlE5th EA B AL Statistical Package for the Social

Sciences (SPSS ver. 20.0, SPSS Inc., Chicago, IL, USA)E ©]-§
so] ALA|sHL O w], 48P Kol & A 317 9Jste] A
Hl| 2] BAFR A1 3} H, Duncan’s Multiple Range Tests (DMRT)
2 Abg3tel 5% o420 AR,
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of Yol ofgh-E At At W FAk Aefqtof wpet A4 E;qa];y_q Aol o, AAFE ABZE ofA] |23 Ak

"3, B85 R LEDF3tol| A 2 e gt A 2h+= Table 29} 2ot
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LED A &) 7= v sk~ W ho g A ol A A uish ol
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2 27o] ol A AL WA 4 A o0 AR 4
FH5 A2l 771 700 o8 0 2 LED Hel 7917 A
A3 ALl A AL, o 2% AP
Ak A g3 AAo] ¢ wWE AL #2ks 4= 9l A5}
o] 75 Ae 711 & Ackst skt glglnt of = ofe
of T EA B g 2 SO At ol
A7hFEea el 55 R AT wE Ao w2 A
OB WA A e AlshRS TR AA| Alm Aol
A= 9 3d5 2 LED A 2] = W3t gha vreb 9lo.m 2
A A=l 26 o] 4 A7got T Lee etal. (2016)2 A
G2 2 M 42 7= A == A=
g, 93 2 AR = F LS oy FA obAS £33 LED
Zg ol A A e 49 Aol Lt ko] e uf A7} B 7teta
= SRR i =

-111
of
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r
p
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r
el

o)

= HoAth A5k #e] o *“Xﬂ#ﬂWL 3Lato A= A
7708 Aol 7k glgl ok 6T 90 A2 A W A] A1
A tEoh 3353 LED A g3t7} o =9ttt Lee et al.
(Q012)2 15 sfollA] Thxelt mo WS EA S HALSH
el WA G5l A 7 o] S5kl o the o
2 AN LEDZ} %4 LED A 2]+ ¢} oW A Ag A 2] 4= o
Z27Q1 FF5 Y 2%l Ee A =efar B askqlch 2|5t
HO AEF A 3R A= TA A F-o o] loler6
A3} 91 xte] 9 Al A el o $A7 § 5 LED
A7 T8l e AL ek B 22

S ASHo) AR FH AEFS 2 AT Y
48 LED, 54 LED, 13 37 24513 1
a3l B 31514 th(Lee et al. 2012).

AE BN BEAE F2 AT A4 o
UV 99300 ~ 400 nm)ol A W& F45h G54 ach
2] 32400 ~ 500 nm tf & o A F=p3}= 7F R B ko] =7} Yl Th
(Burattini et al. 2017). vl 7] 7+ 3,6, 9L X}of) AR R 2] o] =
22W 7R E 0] FEES =519 ch(Table 4). 22
23 a0 A9 39atol| A= A A 27 o2 A 2

Table 2 Effects of treatment of barley seeds with EtOH before sowing on shoot, root and plant length of sprouts

Treatments Shoot Root Plant
Length (cm)
NL I 379 £ 031 b 2.87 £ 036 ¢ 6.66 = 0.47 ¢
NLII 358 £+ 036 b 2.81 £ 036 ¢ 638 £ 0.52 ¢
1D LEDI 927 £ 0.55 a 492 + 0.75 ab 14.20 + 1.08 ab
LEDII 7.13 £ 0.59 a 417 £ 053 b 1130 £ 0.73 b
FL I 9.70 £ 0.51 a 531 £055a 15.01 £ 0.85 a
FLIO 7.55 £ 0.80 a 4.81 = 0.60 ab 12.36 + 1.27 ab
NL I 6.66 + 0.46 ¢ 2.80 + 0.50 ¢ 9.46 + 0.68 ¢
NLI 6.25 + 0.44 ¢ 2.49 + 040 ¢ 8.74 £ 0.63 ¢
D LED I 17.62 £ 1.12 a 4.79 + 0.64 ab 2241 £ 127 a
LEDII 14.70 £ 0.76 b 434 £ 0.74 b 19.04 £ 1.05 b
FLI 17.27 £ 0.86 a 5.08 £ 0.88 ab 2235+ 1.16 a
FLI 17.01 £ 0.70 ab 547 £ 095 a 2248 £ 1.16 a
NL I 7.88 £ 0.50 ¢ 246 + 044 ¢ 1035 + 0.72 ¢
NLI 7.59 £ 0.52 ¢ 245 + 044 ¢ 10.04 + 0.64 ¢
oD LED I 2125 £ 1.00 a 470 £ 0.94 a 2594 £ 135 a
LEDII 18.40 = 0.98 b 381 £ 079 b 2221 £ 1.09 b
FLI 21.00 £ 0.89 a 492 +0.82 a 2592 + 134 a
FLII 20.55 + 1.01 ab 533 £ 1.04 a 2588 + 140 a

Data represent the means of ten plants + standard deviation. Different letters (a, b, c) indicate significant differences between treatments
at the 5% level by Duncan’s multiple range test. NL = natural light; FL. = fluorescent lamp; LED = light-emitting diode (Red : White

Blue =2:1: 1)

[ = Non-treatment; II = EtOH treatment.
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Table 3 Effects of treatment of barley seeds with EtOH before sowing on fresh and dry weight of sprouts

Treatments Shoot Root
Fresh weight (g/plant) Dry weight (g/plant) Fresh weight (g/plant) Dry weight (g/plant)
NL I 0.034 + 0.004 ¢ 0.004 0.096 + 0.010 a 0.027 + 0.005
NLI 0.032 + 0.004 ¢ 0.004 0.092 + 0.008 a 0.030 + 0.003
3D LED I 0.069 £ 0.008 ab 0.007 0.097 + 0.013 a 0.027 + 0.004
LEDII 0.055 + 0.004 b 0.005 0.094 + 0.013 a 0.030 + 0.004
FLI 0.073 + 0.008 a 0.007 0.098 + 0.012 a 0.029 + 0.003
FLII 0.054 + 0.007 b 0.005 0.072 = 0.012 b 0.027 + 0.004
NL I 0.058 + 0.005 ¢ 0.007 + 0.001 ¢ 0.083 + 0.010 ¢ 0.035 + 0.004 a
NL I 0.058 £+ 0.007 ¢ 0.007 + 0.001 be 0.087 + 0.011 be 0.023 + 0.004 ab
6D LED I 0.109 + 0.009 a 0.010 + 0.001 a 0.114 + 0.010 a 0.020 + 0.003 ab
LEDII 0.091 + 0.007 b 0.008 + 0.001 ab 0.099 + 0.013 ab 0.022 + 0.003 ab
FLI 0.107 = 0.011 ab 0.010 + 0.002 a 0.105 + 0.014 a 0.019 = 0.003 b
FLIO 0.107 £+ 0.008 ab 0.010 + 0.001 a 0.110 £ 0.011 a 0.021 + 0.003 ab
NL I 0.066 + 0.006 b 0.009 + 0.001 b 0.084 = 0.013 b 0.017 = 0.003 ab
NLII 0.065 + 0.008 b 0.009 + 0.001 b 0.086 = 0.011 b 0.019 + 0.004 a
LED I 0.120 + 0.008 a 0.011 + 0.001 ab 0.109 + 0.012 a 0.015 + 0.003 b
oD LEDII 0.104 + 0.008 a 0.010 = 0.001 ab 0.106 + 0.015 a 0.017 = 0.004 ab
FLI 0.117 £ 0.009 a 0.011 = 0.001 ab 0.105 + 0.013 a 0.014 = 0.002 b
FLIO 0.120 + 0.010 a 0.012 + 0.001 a 0.102 + 0.014 a 0.014 = 0.002 b

Data represent the means of ten plants + standard deviation. Different letters (a, b, ¢) indicate significant differences between treatments
at the 5% level by Duncan’s multiple range test. Abbreviations see Table 2.

Table 4 Effects of treatment of barley seeds with EtOH before sowing on chlorophyll and carotinoid content of sprouts

Chl a Chl b Chl atb Carotinoid
Treatments - Chl a/b
mg/g fresh weight
NL I 0.980 + 0147 be 0.177 £+ 0.031 be 1.157 £ 0.178 be 0.303 £ 0.044 b 5.56
NL I 0.854 + 0.089 ¢ 0.149 + 0.018 ¢ 1.002 + 0.104 ¢ 0.274 £ 0.028 b 5.77
3D LED I 1.655 £ 0212 a 0.324 + 0.054 a 1.978 £ 0.265 a 0422 + 0.054 a 5.14
LEDII 1.215 £ 0.304 b 0.226 + 0.062 b 1.441 + 0.365 b 0.307 £ 0.077 b 5.42
FL I 1.548 £ 0.194 a 0.317 = 0.038 a 1.865 £ 0.231 a 0.404 £+ 0.050 a 4.88
FLII 1.628 + 0.250 a 0.330 = 0.059 a 1.958 + 0.307 a 0.416 + 0.066 a 4.96
NL I 1.812 + 0.148 0411 + 0.036 a 2223 + 0.183 a 0.508 + 0.038 a 441
NL I 1.707 £ 0.058 0.384 + 0.018 a 2.091 + 0.073 ab 0.478 £+ 0.016 ab 4.44
LED I 1.663 + 0.222 0.349 + 0.055 ab 2.012 £ 0.277 ab 0.393 + 0.056 ¢ 4.78
6D LEDII 1.590 + 0.214 0.317 £ 0.050 b 1.907 £ 0.263 b 0.368 £ 0.045 ¢ 5.04
FL I 1.706 + 0.199 0.349 + 0.050 ab 2.055 + 0.248 ab 0.402 + 0.052 ¢ 4.90
FLII 1.779 + 0.137 0.355 £+ 0.031 ab 2.134 + 0.167 ab 0.419 £ 0.024 be 5.02
NL [ 1.342 £ 0.162 b 0.322 + 0.045 ab 1.664 = 0.207 b 0.365 £ 0.046 a 4.18
NLII 1.350 = 0.110 b 0.311 + 0.025 ab 1.662 + 0.135 b 0.363 £+ 0.023 a 4.34
LED I 1.102 £ 0.178 ¢ 0.233 + 0.048 ¢ 1335 £ 0225 ¢ 0.255 + 0.038 b 4.77
D LEDII 1.286 + 0268 bc 0.274 + 0.072 bc 1.560 + 0.339 bc 0.288 + 0.069 b 4.75
FL I 1.590 + 0.204 a 0.345 = 0.050 a 1.936 +£ 0.252 a 0.370 = 0.051 a 4.62
FL IO 1.603 + 0.205 a 0.346 + 0.054 a 1.948 + 0.258 a 0.367 = 0.051 a 4.66

Data represent the means of three experiments + standard deviation. Different letters (a,

b, ¢) indicate significant differences between

treatments at the 5% level by Duncan’s multiple range test. Abbreviations see Table 2.

o AR e S elont UL S slon T2 ub ES B0 Solel uek
4 folgol QO ORI L FHE A TA Y BASHE AT BT AhRE R0l= FF G4 vsT
Sotu oo e e AR RRoN LD AT A4S HAH SN AT Ael e A
Soith 3222 AY A FR2Dadk ST AFE T LS HFS A 6ARA ALY £ 9Y
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Table 5 Yield of barley sprout according to the seed sowing rate in hydroponics system at 9 days

Fresh weight (g)

Dry weight (g)

Treatments
Shoot Shoot Root Total
NL 21.0 £ 29 ¢ 28 £ 03¢ 225 +02d 252 £ 05 e
80 LED 999 + 79 b 93+ 06b 30.1 £ 2.7 cd 394 +£22d
FL 1023 £ 10.1 b 96 £ 06 b 284 £+ 16 d 380+ 22d
NL 238 £ 46 ¢ 31+05¢ 254 +29d 285 + 34 e
100 LED 117.1 £ 11.4 ab 10.7 + 0.9 ab 38.7 £ 1.9 be 495 + 2.8 be
FL 129.2 £ 7.7 ab 114 + 04 ab 403 + 2.7 b 51.7 £ 2.3 be
NL 342 £ 129 ¢ 42+ 13 ¢ 399 + 37 b 442 + 5.0 cd
120 LED 106.0 £ 37.7 b 98 £29b 439 + 9.0 ab 537+ 6.1b
FL 1472 + 10.6 a 133 £ 08 a 528+ 56 a 66.1 £ 63 a

Data represent the means of two experiments + standard deviation. Different letters (a, b, ¢, d, e) indicate significant differences
between treatments at the 5% level by Duncan’s multiple range test. Abbreviations see Table 2.

Table 6 Hunter’s color value of barley sprouts powders

Treatments L* a* b* AE
NL I 5334 + 098 ¢ -3.83 £+ 0.84 a 13.88 + 0.41 4386 £ 0.94 a
NLII 54.67 £ 1.08 b -4.46 + 0.36 bc 14.14 + 0.46 4257 £ 1.01 b
LED I 57.19 +£ 1.68 a -4.48 + 0.79 bc 13.89 £+ 0.63 40.05 £ 1.67 cd
LEDII 56.84 £ 1.57 a -4.65 = 0.61 ¢ 14.09 + 0.67 4042 + 1.61 cd
FL I 57.59 £ 041 a -428 + 0.84 b 14.16 + 0.21 39.70 £ 040 d
FLII 56.64 £ 1.45 a 461 £ 042 ¢ 14.19 £ 0.71 4095 £ 136 ¢

Data represent the means of three experiments

+ standard deviation. Different letters (a, b, ¢, d) indicate significant differences between

treatments at the 5% level by Duncan’s multiple range test. L* = lightness; a* = redness; b* = yellowness; AE = overall color

difference. Abbreviations see Table 2.
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Table 7 Effects of treatment of barley seeds with EtOH before sowing on total phenolic content, total flavonoid content, and antioxidant
activity of sprouts

Treatments TPC (mg/mL) TFC (mg/mL) TEAC (mM) FRAP (mM)
NL I 277+ 0.19 a 2.77 £ 0.06 a 745 + 0.14 b 2148 + 042 e
NLII 253+ 0.11 b 238 + 0.04 b 5.89 + 0.06 d 35.80 + 0.52 ab
LED I 1.99 + 0.12 d 1.15 + 0.03 e 6.85 + 0.17 ¢ 28.58 + 0.40 d
LEDII 2.53 + 0.09 b 1.30 + 0.06 d 6.67 = 021 ¢ 30.79 + 042 ¢
FLI 225 + 0.05 ¢ 1.38 + 0.04 cd 736 + 0.06 b 3522 + 030 b
FLI 243 + 0.08 be 1.43 + 0.06 ¢ 790 £ 0.14 a 36.45 £ 029 a

Data represent the means of three experiments + standard deviation. Different letters (a, b, ¢, d, e) indicate significant differences
between treatments at the 5% level by Duncan’s multiple range test. Abbreviations see Table 2.

Table 8 Effects of treatment of barley seeds with EtOH before sowing on total amino acid content of sprouts

mg/g NL I NLII LED I LEDII FL I FLII
Arginine 531 £0.11 a 524 +£ 040 a 472 + 0.07 b 490 £ 0.18 ab 490 £ 0.01 ab 4.86 £ 0.12 ab
Histidine 237 £ 0.15 bc  2.30 = 0.16 ¢ 2.56 = 0.07 abc 2.81 = 0.20 a 2.67 £ 0.06 ab  2.58 £ 0.14 abc
Isoleucine 4.83 £ 0.00 470 £ 0.40 428 + 0.13 452 + 0.29 4.50 £ 0.00 434 £ 0.13
Leucine 9.72 + 0.27 a 941 + 049 a 8.06 = 0.02 b 840 £ 0.53 b 824 £ 0.05 b 829 £ 025 b
Lysine 4.66 £ 0.69 433 + 048 499 + 0.32 526 + 0.45 5.10 = 0.21 481 + 021
Methionine 1.30 £ 0.14 a 1.19 + 0.01 ab 0.98 + 0.02 ¢ 1.03 £ 0.06 be 0.96 £ 0.02 ¢ 1.03 £ 0.02 be
Phenylalanine 6.06 £ 0.21 a 5.80 = 0.27 a 492 £ 0.02 b 507 £ 031 b 511 £ 0.02 b 506 £ 0.14 b
Threonine 4.89 + 0.39 4.65 £ 0.25 4.58 + 0.06 4.87 + 0.37 4.70 + 0.09 4.58 £ 0.23
Valine 6.79 + 0.02 6.73 £ 0.47 6.54 = 0.16 6.93 + 0.46 6.84 + 0.08 6.52 £ 0.23
EAA 4593 + 1.98 4434 £ 2.92 41.64 + 0.79 43.78 + 2.86 43.02 £ 0.44 42.06 £ 1.47
Alanine 8.68 + 0.12 a 858 £ 036 ab 796 = 0.03 ab 830 = 034 ab 7.87 =038 b 8.07 £ 0.41 ab
Aspartic acid 1035 + 0.80 ¢ 1038 £+ 0.78 ¢ 1650 £ 0.65 b 1859 + 1.11 a 1635+ 0.07 b 1495 £ 1.10 b
Cystine 0.74 £ 0.07 b 0.71 £ 0.05 b 0.78 £ 0.00 b 1.01 £ 0.05 a 0.98 + 0.03 a 0.94 + 0.06 a
Glutamic acid 11.18 + 0.70 10.66 + 0.63 10.94 £+ 0.09 11.31 £ 0.83 1095 + 0.24 10.68 + 0.44
Glycine 437 £ 1.28 3.53 £ 0.16 3.14 £ 0.18 3.25 + 0.32 3.20 + 0.02 3.16 + 0.14
Proline 5.30 £ 040 a 498 + 0.14 ab 4.16 = 0.07 ¢ 441 £ 0.29 ¢ 444 £+ 0.01 be 4.47 £ 0.10 be
Serine 3.98 + 0.52 3.66 £ 0.15 3.66 = 0.03 395 +£ 035 3.78 + 0.06 3.81 £ 0.24
Tyrosine 323 £ 022 a 3.00 £ 0.19 ab 271 = 0.04 b 2.87 £ 0.14 b 2.84 £ 0.03 b 285+ 0.12 b
NEAA 4784 £ 410 ab 4551 £ 246 b 49.83 £ 0.71 ab 53.69 + 344 a 5041 + 0.78 ab 48.93 + 2.62 ab
TAA 93.78 + 6.08 89.84 + 5.38 9147 + 1.50 97.47 + 6.30 9343 + 1.23 90.99 + 4.08
E/T 48.98 49.35 45.52 4491 46.05 46.22
NE/T 51.02 50.65 54.48 55.09 53.95 53.78

Data represent the means of two experiments = standard deviation. Different letters (a, b, c) indicate significant differences between
treatments at the 5% level by Duncan’s multiple range test. Abbreviations see Table 2.
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