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Color Stability of Chlorophyll in Young Barley Leaf
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ABSTRACT

To improve the color stability of chlorophyll in young barley leaf used as functional green biomaterial, the absorption spectrum,
color values, and antioxidative activities of young barley leaf (YBL) treated with zinc ion solutions were investigated. The small
pieces of fresh YBL in aqueous solution mixtures were autoclaved twice at 110C for 30 min (pH 5). Distilled water (BLA),
0.01% zinc chloride (BLAZ), 0.01% zinc citrate (BLAC), and 0.01% zinc lactate (BLAL) solutions were used. Treated YBL
powders were extracted with 80% EtOH for 4 h. Chlorophyll a and b contents differed with different treatments. BLA decreased
chlorophyll a and b contents, whereas others were maintained. Absorbance spectrums of chlorophyll at 400~700 nm showed
different maximum peak wavelengths. After heating in acidic and neutral solutions (pH 3, S, and 7), the colors of YBL and
BLA changed from green to olive green, whereas BLAZ, BLAC, and BLAL remained green color. The antioxidative activities
showed higher values in YBL extract than in treated extracts. From the above results, autoclaved YBL in zinc solution would
increase the color stability and maintain green color regardless of acid and heat treatments.
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SHAY ekto g AElshd &2]B a9l pheophyting
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Aol whaba] A WS} oFito] 17| wel AF 7l
A A= AR el 7 Ol A WSS
shotal, A7 Fol= Wstelr] s ol& S]]
77} B asi
223 ALE P77 98 AFe tdsh ol
A g, 59 222 A4 x3d | 72 ]
Mg ©]-&<5 oFd(Zn)olt} F2|(Cu) o] 222 thAAIA
Zn- 5 Cu-pheophytin A& wHE0] HAE st Al
7le A7t AEH o= o] Folx T} Zn-pheophytin -3
A= S22 Aae fAkgk A 545 Yeiie, 72 71
7Fgshe =4 ARl A4, 45 AEA 5o Az B
o] o] &3¢kt Tonucci LH & Elbe JH 1992; Ngo T & Zhao
Y 2005). Zn ©]-2°] pheophytin a ¥ pheophytin b2} Zn-
pheophytin B3 & sl AMAE HYsIA 7Tk A+
A3} Zn-pheophytin B4 = Eejo] S22l FxHT}
Ah dofl o beithe AT A3rF B E A TH(Jones ID
S 1977; Takeuchi Y & Amao Y 2005; Lee IS 5 2008; Sen-
klang P & Anprung P 2010a; Nurhayati N & Suendo V 2011).
A7l Cu®t Zn ©]2E& A 2|3te] pheophytin a, bo &3t
AE st 7T FulE Adste T ASAEE Y
o= AT A3yt B3 (Laborde LF & Elbe JH 1990;
Laborde LF & Elbe JH 1994), A A3} WF 4TS 0] &3]
o] Zn-pheophytin®} Zn-pyropheophytin 1325 &/dA17]1 A+
NN = Lt 7k HAFol| H|ste] HAo] FFEATH= B
17} YA Canjura FL 5 1999). FE3+ A 52| 2 o] 83} Zn-,
Cu-pheophytin 534 343 A (Jones ID 5 1977; Laborde
LF & Elbe JH 1990; Ozkan G & Bilek SF 2015), Z-%Hpandan)
9§ 0] 83t Zn-chlorophyll =4 53 &4 A-(Senklang
P & Anprung P 2010b), =54 Wi o] &g H3A| I A+
(Ngo T & Zhao Y 2005; Ngo T & Zhao Y 2007) S°lA Zn-
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, BIEFR] E B B-carotene 52| Z1% HIEIRIS T RS}
I, PR £ FEHeR, 53] dAIsA 2-
C-glycosylisovitexin®} saponarin, Z2]¥& 3}3HE 52
sta lolA] kst E 7 F2 AR dElA AUTHYu
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MR F22H Zn o| 25 F7}8te] Zn-pheophytin
EAE A0 AAE PYSAA A AR EsiehA
G AF Aol ek hFet AlF Tkl 88 7 de A
o 2 7=t} 53] Zn-pheophytin B3 S A uf /7]
glo] Fej = Zn o] 2 H7FshH A WellA Zng & ©
SEE M F S Aoz yd.

upeba] B Ao A s Ajg R o] #7149 zine chloride
I} #-714+4Q] zine citrate, zinc lactateE 71YET7] = EA
2 & sl AR e 229 zinc A I HE=E &
Astar, Az 23 wet E4e] 4ksebg 82 pH g4,
d FH3S Hla Frretl oM, 80% ethanol 2 F+Z¢F A4
He] o] S22 gy Mksted S gRlstith

f
oo 8 %
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1. ME

Aol AMER R EE = 20169 49 g B @A)
=2 (Jeollanam-do, Korea)ol| A F43te] A5 2 ALE31
Ethanol(99.9%), Ferric chloride, Na,COs, N,N-dimethylforma-
mide-2 Daejung Chemicals & Metals Co. Ltd.(Gyeounggi-do,
Korea)°l| 4], Folin-Ciocalteu reagent, 2,2’-azino-bis(3-etylben-
zothiazoline-6-sulfonic acid) diammonium salt(ABTSs), potassi-
um persulfate, trichloroacetic acid(TCA), quercetin, butylated
hydroxytolune(Kocher, BHT)< Sigma-Aldrich Chemical Co.
(St. Louis, MO, USA)o|A 43l AL-8-3FAt} Gallic acid,
sodium phosphate buffer<= Yakuri Pure Chemicals Co. Ltd.
(Kyoto, Japan), L(+)-ascorbic acid, AlCl;+= Junsei Chemical
Co. Ltd.(Tokyo, Japan)ollA F+¢3te] A8l Th NaNO,=
Kanto Chemical Co, Inc.(Tokyo, Japan), potassium ferricya-
nide:= Duksan Pure Chemical Co. Ltd.(Gyeonggi-do, Korea),
PBS(phosphate buffered saline)= Life Technologies(California,
USA)ellA +dste] ARgaRsith 2ol Al 2e g9
(Gyeonggi-do, Korea), 212t G41334]F(Gyeongsangnam-
do, Korea)oll A T-¢}ste] Aol AM&-8l31

2. MMER| 2|

FEo JRHEEE FA F 250 g B EFste] 79R |
cm 37] o] Z AA A2 %, 5,000 mL H]F ol ¥t} AR
ol M7k #8AE Azl HAste] SR citric acid=
Aste] pH 52 WEUTE Al8E 7 Tobe) 250 gof A
He]E ARgste] pH 52 BAE F84S Hrlete] 7
@712 st Az=Ach EA e I vl s s A
AEE] A de a2 Az7)d A2A7 ALBL)S Az
ahlth ExE] dl=T(BLA)E | LY pH 52 BAH S/
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SARkE H7eIGATh ofdA B2 1 L] pH 5= B &
£-lof 0.01% ZnCl,(BLAZ), 0.01% zinc citrate(BLAC), 0.01
% zinc lactate(BLAL)E 712t 718t &9 Ak Al E
2lsh Egstel Al A2te] Feue AR AR
= 71 EAEE 98ke] autoclave(HB-506-8, Hanbaek Sci-
entific Co., Gyeonggi-do, Korea)oll4] 110 T2 304 13] g
Fofl, 1A1ZF FF 4TAA WAbstar, thA] 22 27102 auto-
clavinggh & 1A1F W2ty & whasto] efatqict A2
AEE 52% B Aol 21F737](SW-300, Sehwa Products
INC, Gyeonggi-do, Korea)oll ¥, 2% 37+1C9] 2712
24AIZF 1zl om, T2E AlS3= 100 mesh Aol WE &
2 Aol ARk

3. MMBE| 2orol Ofel BhaF BA W M4 oHYY
M

M

s

1) ofed gfek =AM

AR el A2l Wy WE Zn FFe A5
Al 0.5 gof AR BdS vlo] ARTE A HEZE
&71el ¥z, 65% A4t 7 mLoF 30% FAFsEAg ZF 1 mL
£ 9t HZE 8718 Uag Fo mlolAR e
X|(ETHOS TC, Milestone, 24010 Sorisole Bergamo, Italy)=
AF el AAlste] A BallE AlRE WA F E0, 01
% Aihg-ol g o] g3le] 50 mLE HE3 F A|EE AMES
Ak A2lE Alge nEdFEES oo E45 #lste ICP/
MS(NEXION 300X, PerkinElmer, MA, USA)S A}&-3}ith
ICP/MS2] 71719] 2712 RF power 1,600 watts, Lense vol-
tage 6.75 V, nebulizer gas flow= 0.96 L/min, auxillary gas
flow= 1.4 L/min, sampling interfaces= NiZ A|XH ]| Zn
g BAEIATE ofd EFEES 10 mg/Le] EFEENE
0.1% H4HE0 = 5,10, 50, 100 pg/LE 3|45k A3} A,
ofde] AF gte i AR TxH & wet ZXxLT}
7V = A s AAstel 2Assith

AR B A2e] AsebgdS E<lsk] flate] 0.5
g AEe] 22 petri dish(35%10 mm)ol] ol o] &
T 3o wjx|ste] A 79 T} 149 T o] WS g

HOMA o} TGRS

= EdlA 7FE35k3ith ©] & Whatman No.2 o2& o] &3}
of 74t 771 (DOA-P704-AC, GAST Manufacturing, INC.,
MI, USA)E Fall AHAIA AR o] 2 IALE AF%
71(SW-300, Sehwa Products INC, Gyeonggi-do, Korea)°l]
o 3AIZE FF AE3 v T VS o] 8ate] Ao] WskE &)
skt

A EE el d PgAdS ERlstr] HslA 0.5 g2l Ml
AR E 7ol gol H 22 E(FDO-7104(B), Daeyung Ba-
kery Machinery Co., Ltd, Seoul, Korea)ell 100T/100T=Z 1A]
T Bk Al 7, AedA A7 F A0l waE s

4) & otXA

5) Mz &

AAEE] Fae] Ao Msl= TR]Y 7hv2Kento, Canon,
Tokyo, Japan)® Z<dsto] 38}l o, M= A|(Spectra ma-
gic™ NX, Konica Minolta, Tokyo, Japan)Z ©]-&3}>] Hunter
9] L(lightness)#k, +a(redness/greenness)#t = =b(yellowness/
blueness)#t= 33| Whg Sl 1 et gho =2 YRl
7171 1-96.83, a=—0.06, b=—0.15%1 ¥ A F(standard
white plate) 0.2 B3l L8315l T, A AE)S MATS

71502 AE=V(AL)?+(1a)*+(Ab)? 2o <Jate] Axk

=
ANREE] T M FEES ARHED] B 2 o(AF
715)°ll 50 mL2] 80% ethanol-S 718k &, ¢hAollA vl
ElnlE o]-&3to] 4A|7F B9t stirringdte] A| 25T FEE
£ Whatman No.2 &JZ}A| & o] &3} 742} 2}7|(DOA-P704-
AC, GAST Manufacturing, INC., ML, USA)Z E3&] oJ3}A|
71 & 50 mLE 7383kt

1) 22=2L &2 5d

Z2 23 3E-S Zarco-Tejada PJ 5(2004)2] WS 473
ato] ZA T AR Ee] £ 5% 2 mLE 3 mLe N,
N-dimethylformamide®} 3%t <, UV-Vis spectrophotometer
(Optizen pop, Mecasys Co., Ltd, Deajeon, Korea)E ©]-8-3}]
400~700 nm M99 FHEE 0.5 nm HH 2 S8k B
Skt Ajf e B2 550 S22 a%t b, ab HE2
663.8 nm<} 646.8 nmol| X FFE=E S F, v ANt
S ol g3t F2E2Y a9 b FFE AXkste] YeplAch

Cthl‘OphyllS a = 12XAge38—3.11%Ass68
CthI’OphyllS b 20.78 % Aga6.3—4.88% A3 8
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3k &, 5% NaNO, 0.3 mLE 4] 5%
, 10% AICl; 0.3 mL9} 1 M NaOH 2 mL,
THT 24 mLE Y3 Z 40]F F UV-Vis spectrophoto-
meterE ©]-£3l] 510 nmol|A FFEE S AlRE
quercetin®} H|w3lo] Alge] & ZEE

quercetin o2 FHilsto] A S

2012 woa Sgshalc) el B S |l
=
0

ol

wol= TS g B
1tk

3) & H=d sEtE gt 5%

% H&=4 3% 3K (total phenolic compounds)< Folin-
Ciocalteu's reagent A]9F-g ©|-83lo] No JH 5(2012)2] W

AT AR 2 FEE 0.1 mLol 0.9 mLe]

ZHF4¢ 0.1 mLe| Folin-Ciocalteau reagent® &3talo] 2
oA 5EZF WX|E & 1 mLY 7% Na,CO;2 £333ith
1A17F B2t Al 204 HFX]3F 3 UV-Vis spectrophotometerS
o] &-3le] 716 nmollAd FFEE 331, gallic acidE o] &
st} 2R3 FETA 4 (Y=52.063x —0.0033(R*=0.9998)) %
o|&3ste HEA e TS ALtskth

4) ABTSs radical &~H=

ABTSs(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid)
diammonium salt) 2F]Z 2274 %52 Re R 5(1999)2] # 4
F5to] A8 7 mM ABTs radical ¥} 2.45 mM potassium
persulfate S E315lo] 22 Aol A 24417 Fot WX 5l
gz ALY HEX ABTs 2HHZ-S PBS(Pho-
sphate buffered saline)ll 3]233le] ABTs 89 (v:v=48.5:1.5)
S A zsdn) Al x3 ABTs 294 1,980 pLell Aj#He] 3
ZE 20 L A7kste] A2olA 1083t HAIG £, UV-Vis
spectrophotometer& ©]-8-3}°3 734 nmellA EF=E %3t
o, BHT(butylated hydroxytoluene, Kocher)®} Bl w3} ABTs

g 275 gt

5) Bl

A2 2] —ir% 9] &3 (reducing power)= No JH &
(2012)9] W o2 B39t A& 1 mLol] 200 mM2] so-

dium phosphate buffer(pH 6.6) 1.25 mL%} 1% potassium ferri-
cyanide 1.25 mLE &% ¥, 50T <] water batholl A 203t
HES-AZ T, 10% trichloroacetic acid 1.25 mLE 3 7}8F 3o
4T 10823 JEEAIZ &, WEEAIR] &9 525 mLE <
7= 5 mLe} 0.1% ferric chloride 1.25 mLE 410]A] WF&-A]
ZAt}. UV-Vis spectrophotometerS ©]-83Fe] 700 nmoﬂfﬂ z
B g S 5te] BHTS Bluste] 2l=3 gjlsle]

o=
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5. EAIXE]

RE A 33] whEsie] S siA Ao, et
EFUAR F7]8t BE Age] Ayl= SPSS 12.0K(SPSS
INC., Chicago IL, USA)E ©]-&3}] ANOVA testE 5351
FA X2]31%1 1L, Duncan’s multiple-range test2 75331 Th

N
hd
K
A=
el

T

™

1. 2222 4 ot

dutdor Frad ¥ae Iyd 732 Wi Mg o]
20] Znol} Cu®t 22 27} ol &3} X|gh=HA] o] <bygh
2 25 7, ZnOM Cuz X%t 7= 2 o
2 oyt 424 lth(Canjura FL %5 1999; Senklang
P & Anprung P 2010a). Zn3} 222 53 34 Al pH
4~6°0lA] E9HA| FAo] 7HE Srtetar, 1 oM e H9t
A 7ol Aasiiom, 10T 15831 7Hhsil= o 7t
& AAT n-2EEE FEA 292 stk g
H} 21t} (Ngo T & Zhao Y 2005; Senklang P & Anprung P
2010b). wheha] B Ao AR S22 i}
Zno] B3t EAS 95kl 110T, pH 5ol wHe-A]# A
Ha] B A zsch

AR EE] o] zn S FR2Y s ST 2
= Table 17} Fig. 1] JeRITE S22 ALE 71935t
™ isocyclic 2] C10 ©422] carbomethoxyle] A AE o] o]
221 Zn ©]20] 22237} ¥k&-E 4 A FiLaborde LF
& Elbe JH 1994; Seklang P & Anprung P 2009). 110°Cl|A]
kAl ZnS 23171 BLAZ, BLAC, BLAL®] Zn 332
Y7}t 1,244.47 ppm, 911.34 ppm, 634.12 ppm & Zn *]2]3}
A % BL 86.08 ppmel| H]&ll @A|3] =] YEFRtIL, BLAZ
ol Al Zn $teFo] 71} =& S BATHp<0.05). ©|& F3l
zinc chlorideW zinc citrate, zinc lactate”} 2}z S 223 A
20| Z3|9  Fxo|| Zns ASske Tt vh2H, 77
B9l zinc chloride?] X|& =7} 71 25 <& 4 AT

2227 a9} b2l TS BLAA 13.22 pg/mL, 4.06 pg/mL
© & Yehyta, BLACIA 5.10 pg/mL, 0.73 pg/mL= D32
o e FE2F a b7} Fishs S HIThp<0.05). 1t
Hol] BLAZS} BLAC, BLALOIA = S 223 a gt&fo| Z}z}
10.59 pg/mL, 11.78 pg/mL, 9.52 pg/mLE YEIIT) o]& &3
TE o] &3l ks ANt 7] ol Zn M Al A
= Zn-pehophytin a3} S 223 a0 SH= gko| A8 Ak
< Bol7] wjiel ko] frAbshAl v Ao AztEch

Zn= A R HEE|e] 229 Mol EAS dolr
7] #18ke] 400~700 nm= FEEE 0.5 nm o2 UG
23}, BL2 432 nm®} 664.5 nm, BLAE 414 nm$} 665 nm,

)
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Table 1. Chlorophyll a and b contents and ratio of chlorophyll of young barley leaf

Chlorophyll content

Moisture contents Zn contents

YBL sample” %) (ppm) Chlorophyll a Chlorophyll b Chl a/b ratio
(ng/mL) (ng/mL)

BL 11.47+0.03") 86.08+2.08° 13.2240.01° 4.06+0.01° 3.26+0.00°

BLA 6.38+0.03™ 99.04:+0.44¢ 5.10£0.03° 0.73+0.03° 7.014£0.25

BLAZ 6.01=0.04% 1,244.47+11.93° 10.59+0.01° 5.41+0.00° 1.960.00°

BLAC 6.67+0.48° 911.34+1.56° 11.78+0.01° 6.01+0.01° 1.96:0.00°

BLAL 5.70+0.04° 634.12+1.39° 9.52:0.00¢ 3.99:+0.00° 2.39+0.00°

Data represents mean+S.D.

D Values with different superscripts in the same column are significantly different at p<0.05 by Duncan's multiple range test.
? YBL samples are BL (fresh barley leaf), BLA, BLAZ, BLAC and BLAL were treated by autoclaving at 110C in pH 5 distilled water,
0.01% zinc chloride solution, 0.01% zinc citrate solution, and 0.01% zinc lactate solution, respectively.

(4]

(A7 ~mmmeBLAC = = =BLAL

BL — - =BLA

m

550 600

wave (nm)

Fig. 1. Absorbance spectrums of chlorophyll in 80% EtOH extracts form different treating young barley leaves.
YBL samples are BL (fresh barley leaf), BLA, BLAZ, BLAC and BLAL were treated by autoclaving at 110C in pH 5 distilled water,
0.01% zinc chloride solution, 0.01% zinc citrate solution, and 0.01% zinc lactate solution, respectively.

BLAZE 431 nm®} 660 nm, BLACE 430 nm<} 660 nm,
BLALS 429.5 nm¢} 660.5 nmol|4] 322 velTh. Takey-
chi Y & Amao Y(2005)¢] 23] Ee)\} S22 Mh Ao
A ZIn-Z2Z2E-L 421 nm¥ 662 nmol|A], Mg-SF 2232 433
nm¢ 668 nmelA 54 S MEE BRItk H1skgla,
Ngo T & Zhao Y(2007)¢] =4 vjE o] &3¢ Zn-222F F
A g4 Ao W2W Zn A2 E A B2 vil= 409 nm,
666 nml| A ¥ 25 YEPL L, Zn A2 E 3IS W= 4285
nm®} 660.5 nmol|A 325 YERNA AL &1S T} Nurhayati
N & Suendo V(2011) 2 Takeuchi Y & Amao Y(2005)2] &
ToM S22 Ak FEEC] FHEE 519 S W, Zn-
pheophytin a2] Zx#l|tl(soret band)= 22 a A4 H]]
433 nmol| A 424 nmZ, QU(Q band)= 667 nmelA 658 nm

2 93 W=7} o] ggittal skl & AFelM = o9k
AR AZE A& 4 JATh Zn AB)g FEECA YeR)
= FH =542 Zn-pheophytin® 2 A7 THNgo T & Zhao
Y 2007). ©]& Zn-pheophytin a9] 2] HuF9] HH &
AA =7t 222D a0l HlE] 27] w&e]H, Q bandollA=
HuEs HAH BAErE S22 ad w8 2] ujid]
el 927} v = A o2 AZE Tt (Nurhayati N & Suendo
V 2011). ©]& %34 BLAZS} BLAC, BLALS 223
Z o] Mge] Zno & X|g=o] f2A] FAdo] # o] FolAl
= Ao® AZEH, o] AR E = oy pH Tl 9
S AT T A AR JgErt

2. MMEE| Eare] st orya
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AR ] o] ksl g S glshr] ¢
o AR oF HlalA] ke ApRtEE] TS A7 A2
A 7Y, 14 Bt F71eF Aldlo] Fale ol Easte] Al
Axg] ko]l Mol M3lE glslo] Fig. 29} Table 2] A
Alstth AglsiA] eke el BLe] 7 AH SEs
YehlH, BLAE 422 Qlsle] =ajo] 2dgS gl

stored for
0 day

stored for
7 days

stored for
14 days

adjusting
at pH 3

adjusting
at pH 5

adjusting
at pH

heating
at 100C

BLA

ez F2age] A ¢y 3) 319

9lt}. Zn &)+ BLAZ, BLAC, BLAL-S BLe] ®]3) t}
gt =2 el S & 4 USAtHFig. 2). A-2olA] 7
78'5]'93\% WH, BLoﬂ/ﬂ l-:/Kﬂo] FA—A}JQ_‘: §:]_)\1—o] =43}
Al YeRga, BLAE AA7E 2438 g8 goled 5= 9lgle

1}, Zn *18]3+ BLAZ, BLAC, BLALS i*ﬂOl fFAEE AS
golgt 4= 913l

Aok 1447 A3 S wf, BLS thiHo| &

BLAC

BLAL

Fig. 2. The colour of young barley leaves treated with various zinc ion solutions at various storage periods, pHs, and

heating at 100°C.

YBL samples are BL (fresh barley leaf), BLA, BLAZ, BLAC and BLAL were treated by autoclaving at 110C in pH 5 distilled water,
0.01% zinc chloride solution, 0.01% zinc citrate solution, and 0.01% zinc lactate solution, respectively.
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Table 2. Hunter L, a, and b values of young barley leaves treated with various zinc ion solutions at various storage periods

YBL No treat Stored for 7 days Stored for 14 days

sample” [ a b AE L b AE L a b AE

BL 4175+ =573+ 2017+ 5899+ 4320+ —247+ 17.63+ 5653+ 5156 —029+ 17390 4855+
03872 0.02¢¢ 003 036" 0.01°®  000®  002®  001® 0.01% 001 004 001

BLA 4488+  0.19+ 2001+ 5572+  44.69+ —081+ 1527+ 5437+ 5447+  —0.15+ 1503+  45.00+
025 001  0.16“ 025" 0.01°® 001 001  0.00F 0.054 0026 001  005C

pLAz 4195t 476+ 1788+ 5795k 3978+ 350k 1579k 5933k 5504k 036 1565+ 4458+
0258 002 0254  0.13% 0.01°¢ 001"  002%  001* 0.01%  002% 002"  001¢

BLAC B2E 538k 10148 57085 4004 —405F  1605E  59.195 5008+ —210= 1419 4395+
0.09%® 005  0.05™ 0.07 0.01® 001  001® 001" 0.01% 001 002  001¢

BLAL 36l 366+ 1883 5662+ 4137: 278k 1582 5778k S84k 0026 1559+ 4177+
029"  0.05¢ 016"  022® 0.01¢  001®  002®%  0.00" 0.03* 001 001"  0.03C

Data represents mean+S.D.

L, +a, tb, and AE mean lightness, redness/greenness, yellowness/blueness, and color difference, respectively.

D a~¢ Values with different superscripts in the same column are significantly different at p<0.05 by Duncan's multiple range test.

2 A~C Values with different superscripts in the same row are significantly different at p<0.05 by Duncan's multiple range test.

% YBL samples are BL (fresh barley leaf), BLA, BLAZ, BLAC and BLAL were treated by autoclaving at 110C in pH 5 distilled water,
0.01% zinc chloride solution, 0.01% zinc citrate solution, and 0.01% zinc lactate solution, respectively.
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4»4‘“44 T2} BEo] AS 4 7] Eoz Azt
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ol RN
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Al A sk sl e 9 FATE BT - U5

ThFig. 2). AAHAIE o] & 0}04 AR L, a, b gk &<l
3 Az} A/ 5w ghol g ghollA] BLY BLAZF —0.24~
1.38% Zn 212]& BLAZ, BLAC, BLAL —5.52~—3.359] H]
st HAE gho] FHAshe AEds Bds 90T 5 AddTh
(p<0.05). =3+ FAZ/HA =S JeERJE b = BLAZ,
BLAC, BLALAA = A9 fAFeE gk BRIl whi, BLAX =
pH Helol we} gho] Wslale] Mol WMz} USS & F 3
AT} o]= pH 7~8 Atelollx= x] A] F410] Wiyt FE]
S| @AIRE, 71 o]ah o] FellA = a gte] WSyt A4 e
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Table 3. Hunter L, a, and b values of young barley leaves treated with various zinc ion solutions at different pHs and

heating at 100C

YBL Adjusting at pH 3 Adjusting at pH 5 Adjusting at pH 7 Heating at 100TC
sample” [, a b AE L a b L a b AE L a b AE
BL 44590, 138+ 18.65t 55.54+ 4252+ 094+ 21.77+ 58.58+ 4333+ —080+ 19.19+ 5690+ 37.80+ 0.70+ 23.63+ 63.65+
082 0.0 020 005 056 007F 013" 054 024° 003 029% 0.13%  031*° 005 054 0.11°
BLA 0015t 054 17385 6020+ 4036 003+ 17665 5920 4097+ —024 1723+ 5850= 37045 050+ 2009+ 6294
0.13¢ 003" 0.04% 0.12%* 005" 001 003 005 018" 003 0.12%° 0.14C 0.89* 0.10° 016 0.80°
BLAy O878% —447+ 1683t 60.65f 4044k 512k 17155 5920+ 4010+ —533+ 1704+ 5951+ 3672 —446k 2043+ 6368+
0.18C  0.04% 020 0.13™ 0.19" 0068 021° 012 0.13% 001 0239 017 013 003¢ 001 0.12°
BLAC 872 514 1763t 6098 3892k —551E 17155 60.68+ 39.08+ —424k 1744+ 6051E 3756+ —521+ 2095+ 63.13%
0.14°  0.02% 0.18°* 0.09* 021° 0.03C 006" 0.18% 008 002 007 009 006 004 030 016
BLAL 076 335k 1781k 5092+ 4039k 380+ 17875 5937 4124 56l 1670+ 5836= 3836+ 3505 2032+ 6204

0.67° 004 0.04" 063

0.20°®  0.06% 0.13** 020

0.10°* 006 021 003" 006 001° 016 009

Data represents mean+S.D.

L, +a, b, and AE mean lightness, redness/greenness, yellowness/blueness, and color difference, respectively.

D a~¢ Values with different superscripts in the same column are significantly different at p<0.05 by Duncan's multiple range test.

2 A~C values with different superscripts in the same row are significantly different at p<0.05 by Duncan's multiple range test.

¥ YBL samples are BL (fresh barley leaf), BLA, BLAZ, BLAC and BLAL were treated by autoclaving at 110°C in pH 5 distilled water,
0.01% zinc chloride solution, 0.01% zinc citrate solution, and 0.01% zinc lactate solution, respectively.

Aoz Aot HAE 7tdste 2ol Airt 7R3 9l
= f71Ake] Aol dhde] Mol A WA HWA &
2] Zoll pHE| B} dojuA = o, o] ¥y} veld 4=
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Fig. 3. Antioxidant activities of powder pigments extracted from young barley leaves treated with zinc ion solutions: total
flavonoids contents (A), total phenolic compounds (B), ABTs radical scavenging activities (C) and reducing power (D).
YBL samples are BL (fresh barley leaf), BLA, BLAZ, BLAC and BLAL were treated by autoclaving at 110C in pH 5 distilled water,
0.01% zinc chloride solution, 0.01% zinc citrate solution, and 0.01% zinc lactate solution, respectively.

D 2~ Different letters on the bar mean significantly different at p<0.05 by Duncan's multiple range test.
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