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This study examined the pigment stability of red kale anthocyanin according to different conditions. The red kale
extract was the most stable at pH 1.0 showing high absorbance at 538 nm. When a 0.05 M organic acid solution
was added to the red kale extract, which was then stored for 10 days, the pigment retention rates were observed
in the order of malic > formic > acetic > citric acids. When measuring the stability in the presence of metal ions,
the pigment retention rates were observed in the order of K* > Mg** > Ca** > Na" > Fe’*. The stability based
on heat treatment was confirmed that the lower the temperature, the more stable the color. When 0.1 M sugar solution
was added to the red kale extract, which was then stored for 6 days, the pigment retention rates were observed
in the order of glucose > maltose > sucrose > galactose > fiructose. The color was more stable in darkness than
upon exposure to sunlight. The color was relatively stable at -40C and -20T, but at 37C, color stability decreased.
In conclusion, the anthocyanin pigment of red kale showed different color stability depending on the processing

conditions, and these should be considered when using it as a natural pigment.
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O] M2 7kg WP olu A2 A Elo] F4 Ao}
7 doju| = skt Eo] HA MaE 717 A Al 5
8t 122 EAo| s WMol Eo] QkgAo] wopxlct
(Rhim¥} Kim, 1999). 0|5 ®WA|517] Yato] T4 AMAE A
7toto] A1F0] Mt B4 55 FIAF O, T 5 QA
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A3 /gdol B3t ZATE R A H A4
o SR QthLee S, 1996).
HAAMARI QEEAJOPA-2 AlEA 0] FH Lo EAoh=
A Mg HeM, B8, A 58w, AR A
A5 50 Zol THEo] AUtk FEAOPIE cyanidinA| ]
S A chrysanthemin O & £of| 47| Gali=2E 2]E0]
ARgSE7] H|W A golsh, Ao = EQFIRE oxonium
SRIECIEE 7R Al Mavt HA e EME o] £ A
5to] golo] E 2= JtiChung 5, 2004; Hong 5, 2002).
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FEAlOPIS A1F Ao wef 20 FR77F GEbA i
ojth 153 E4E HolA H=t], HEAloPIS] EA4% qt
3E Yol AYPA+E= 2H(Kang 5, 2003), 7] £
(Yang®} Cho, 2006), "iAHF(Laleh 5, 2006), 5]H]AHA
2(Mourtzinos 5, 2008), oFZ2Y ol Hwangd} Ki, 2013), 95}
(Kim¥} Han, 2016), Z9H}(Ratanapoompinyo &, 2017),
ofmftA(Lee 5, 2017) 5ol Utk

AutH o g2 AU H7H AFo FHo| YARE 4
W B3t ofrlEiztet /9] 2318t 715l AulE gl
(Ahluwalia 5, 1979). AU Axtsht HA2H, gy 3t
A=, AR, ST o, HIEH C 5o 3hfEo] gloH
FEAHo], AR etal HAEJTHKIm 5, 2014).
53] #He 8ESZ AAA7]= sulforaphaneo] TH-7-5]0] QL
or, 3t B2 & AHA glucosinolatesE ThF T-Fotal
QItH(Forman 5, 1999; Schmidt 5, 2010). AY 5% 5 A&
Kobdol oJef H2M, HeS Ui AUAAL 2 4
A Hoj|x] Wol e, 7 @o] EAsk= F2 ‘Redbor
F1 hybrid’©]cHOlsen 5, 2010). T AT oAz
AAA Lol Tt s A4k 7] AJFSHITE Olsen -5(2010)°]]
U= Aol 7]E AR &0 55 10779] H)
= SR 2gole] 477 29| HiE sibEe| TaE
O, thFSt hydroxycinnamates?} St 7]9] hydroxybenzoate
7} TAZT}E. ESE flavonoids 5 caffeic, p-coumaric,
ferulic, hydroxyferulic, sinapic acid”} flavonoid glucoside
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moleculeo] A= 0] 9]0, kaempferol, quercetin, cyanidin
o] ZAA o] Y= aglyconeL 2 HAE|QICt A L]
QHEAloRIS. 1274] 727t WAHSILH), 1 % cyanidin-
3-sinapoyl-feruloyl-diglucoside-5-glucoside 439 o]
g w9

AN ARl QEEAloP S o] 8517 fIsiA= Aaol
= = 897 AR wE S HEske 2ol A
28/ oA vl Fasitt wEbA & AFolAM= pH,
714k F0lL, ¥, B, W, AR, A7 A Eo] uk
QPEAJORI A4 QFY/d2 Bl A5 AHAA| o] et
712A =S Algotalat jit

Mo B o
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ERIET

Al
=2

ool

A=

2 Aol AMGE AMAAYLE HEhdE sfidtollAl
2021 % 199 =815t Ao =2, FA 80-100 g, Aol 50-70
me] AL Folsto] AgFISlct. Folet A
A 7 271 AZISkD Uit Hejsto] ZE7I(HH-SBFI1,
Hurom Co., Ltd., Gimhae, Korea)Z &2 W91, 4CojA]

Bshe] ARgSIch AL F2 1,008 xg, 4TA 10
B7F AAIEE](Combi 514R, Hanil Science Industrial Co.,
Ltd., Gimpo, Korea)o}1l, A5 AT {5} Whatman No. 29|
ojtelgic). ofhel AL B 4TOH Batsle] Aol
ARESIF O, ofatolS: ZFZEO] cap test tubeo] Il AF O]
o Q8007 3|Aslo] 33] kR A5t

MY 2EA Y2

ZPAA Y 2FZMof| Clark-Lubs 2H-8-94(0.2 M KCI + 0.2
M HCl) = Macllvain &5-84(0.1 M citric acid + 0.2 M
NaHPOE 4ol U4 BER S4j3t ) £291L Axsiol
ARl Agaleith Egole] AE 9 BHE Aok
Sigma-Aldrich Chemical Co. (St. Louis, Mo, USA)ZX5.E|
Fofslol AHgEIgom, T30 BE AR SHAKE A
gellct

pHe| dgt

pHO| THE AP Ak QRS 23] §lste] mE
22902 1% SER ARFUE A9AY HF] Clark-
Lubs $5-89% H7Islo] pH 1.0-2.002 2391,
Macllvain 25-8H3 471510 pH 3.0-7.0°02 245131
23t pH FE2HL2 400-600 nm2] THH oA spectro-
photometer(T60UV, PG Instruments, Wibtoft, England)=
27gsto] A B4 9L ZYoioc

F7|44e| Fe

F71Ae] S50 T2 AUAL Ak WPIE 2]
A5} citric acid, acetic acid, formic acid, malic acido] pH
2.09] Clark-Lubs €&-890-8 & 7}5k] 0.01 M, 0.05 M, 0.1
M BER 83t T, Aglo] A7fiel 1% FE9| 239
= AxoIot f714ARS R JA7IRE 299 4
L 538 ol 295100, ae] 27t ulnd EY
0.05 M FZoflA A% 717t W A FAdS &75513l
o} §7)ARS A715E 2E2MS cap test tubeo] B2 109 =
QF 4T BH519a1, 29 M0 R A|RE F5to] 538 nme]
F8=oA HIkE SAskGIrh

24029 &

&0l 9] Tl wE AL MA FYYS S5l
Q5] Fe*'(FeSO4), Na'(Na,SOs), K'(K»SOs), Ca*(CaCly),
Mg (MgS0.)ll pH 2.09] Clark-Lubs $5-8HL d7}at
5, o] H715ke] 1% BEo] FEHNS AR50t &
£48 H713E 2N cap test tubeo]] Yl 10 52t 60T
o Baslglon, 24 A0 R ARE F5}o] 538 nmo] &

o0t
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60T, 100C 9] g-242(BF-355B, Bio free, Seoul, Korea)o]|
A 10A17E 57F Hstlar, 2A17F 2HE 2 =2 538 nme| S8
LojlA HsE S5tk

ol ofgt I

g0 S50l T A A AL o] 9
5] glucose, fructose, maltose, sucrose, galactose©]] pH 2.0
o] Clark-Lubs 95892 1715101 0.1 M, 05 M, 1 M 5=
2 gafe %, Fgolol] A7klel 1% FEo] $EA4L Ax
shoich 9RE SEER A/t 22000 SHEE 538 im
oA SAstom, M40 Fwrt 7MY U™ 0.1 M 5=
oA A 717te]l mhE MA QPEES SASIlTE B A7t
S FE U5 cap test tubeo]] ¥ 6 FF 60T HHsH
, 29 A0 % Algg F510] 538 nm9] SgT=oflA Ha}
745t

LT ST

lof| oj3t H3
o] o] e A M2 P S %
of pH 2.09] Clark-Lubs 9h5-§4& HFlo] H713ke] 1%
SE0) 25008 AxsT 220 £ e da
#ol) 2} o oF 2509] Lol U iF Ei G A
2 sgiom, 102 B9 29 (HH0E AR Fdte] 538 nm
o EYwoIA WEE Zgekick

N

= 2 Y7z olst ¥

A YE2LoA Aol mE AAAY A b4
2 =4517] ¢s}o] pH 2.09] Clark-Lubs &5-89&
of A7Iste] 1% FE9 FE2HS AR5t F2HE cap
test tube]| 211, 40T, -20C, 4T, 37CoA 60 SOt Bt
stiom, 109 7FE 0= 538 nmo] FZEoA BIE &7
Elyi=g

Rl
o 0¥
rfo

SHAE

A5] A3te] EAX2]= SPSS package(Statistical Analysis
Program, version 25, IBM Co., Armonk, NY, USA)E o|-&
stlon, 7t Al 33] HiEslo] Bl #EHARE UERY
At 7o A5Z Aol 24 AP 7 ANOVAE o832
), ARE7Z O & Duncan’s multiple range testS AAISFATH

(p<0.05).

21 ¥ 2
pHe| %

Apuize) QkEAJo 0] pHol ofgt Wiske Fig. 1o]
LeRgieh AL pH 10914 7 8 B4 AdE
e welon, 53 538 mmold 7 £ SHEE B
k. T A 32000 BEHIS spoctrum WSHE
ke U, pH7} 7RSS Heh 4 HHo] Ak Eom
H5R= bathochromic shift B4R YERAQICE o] QFEAJO}
W Aol SR S40=, pH 40 ogOR Z7} A
Hujo] gajoz WsheA o) 4 wo] B 2}
517] flZo]eh(Rhim¥} Kim, 1999). YRHA 02 QHEAJobd
Aae pH 1030004 A4 EE Qg AaAols, pH
708001405 T8, pH 9.0 ool HAL ekt
(JTackman 5, 1987). o}= QHEAlolo] pHF e 414 &
A%l o] Hue flavylium FoIL02 EAfa] L g
A e T, FAAE favyliumo] $40128 glo]
carbinol pseudobaseE FAJoto] FAHo| &]7| wfFo|ct. ESH
pH 9.0 O1JoAIE= anhydrobase FEl7} o] FEAL B4
Sttty B 1% Qick(Bassa®} Francis, 1987).
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Fig. 20] Uehfigie. §714hS 4152 7188 A 4342
Q7] 93 AGEE SR olo] TE JFS Lopu
£ 7] F85tcKang 5. 2003). §71AHS FEE2 A7t
3o} QEAlohd Mo Wt ST 2k, S 719 £
29l Holi= glgiek. okzuiote] M QHg A (Hwang Ki,
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Fig. 1. Effect of pH on the color stability of red kale extract at
400-700 nm.
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m Citric acid = Malic acid ® Formic acid = Acetic acid
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Fig. 2. Effect of organic acid on the color stability of red kale
extract at different concentration.
Results are presented as the meantSD (n=3). Means with different letters

(a-b) on the bar are significantly different by Duncan’s multiple range
test at p<0.05.
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2013) A3 Z3o] k= 0.01 M, 0.05 M, 0.1 M9| 5L
% 005 MOIA] 71 QPgElolglom, 0.01 MoHE 714k
7b9] o7} wleleksicky Bslgic

WA 412:9] 47} 9He 0,05 Me] SIS Al
AP EEAIOR Al0] 2 712FE ke Fig. 30] 1
EFYAc). G714 271 109 31} A] malic acid, formic acid,
acetic acid, citric acid €2 & &2 M4 A=ES HITH
SIS WIS W RAOZ 90% ol4fe] BEES
Ho] =0 obYA S Hg oL} TIF citric acidE H7FSF A
88%2] W& M4 2285 HIrh Kang 5(2003)9] A2
¥, ot FEE9] citric acid H7F Al A4 ZRESo] 7MY
wot 2 Ag Ao} YA|5I31 oW, Alcazar-Alay 5(2017)°]
2 opAloH|2] Mg FEE citric acidE F7F Al TRE

SIS WES TIA 3589 ¢S BRL, IE
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Fig. 3. Effect of 0.05 M organic acid on the color stability of
red kale extract during storage.

Results are presented as the meantSD (n=3). Means with different letters
(a-e) are significantly different by Duncan’s multiple range test at p<0.05.

AloRd 82 AP dants Btk EaE
Pacheco-palencia 5(2007)2] A A %= citric acide= UE
Aohdle] g §AsH o) 2 JFe vlAs, 3E
Eo1S AN sto] 2 ook GARE ZAE BAc.
wh A 0] QrEAlohd A4S A A% 2 1R
A] citric acid 710l oI Fa4do] Utkal wekE.

50|22 F

AAAL QEEAJoPd A 40] F&o] Lo oI5t HE
40 YERARIH: EEAloPI2 Z+E F<ol23) Bk34do] =
7] dizel 2RlEs FActke] HAS ZIRH(Yangy}
Cho, 2006). WpA] QEEAJOP MAE ghadl= A2 &
& &7100l AFAY a50% 7T A WS 23T
Aol folsfioF gtk(Songt Jo, 1997).

A% 717000 e APA L] Ma HFEAE S
K', Mg*, Ca*’, Na', Fe’" =08 &2 M4 JEZ S W
o} Fe''S 271 Al 10Y & M4 Z280] 9%=2 7F QF
o] Hojgom, K'S A7} Al A ZEgo] 53%=E i
E&°] 7P E3Uth Kim¥} Han(2016)0] TW2H st &
£ Fe'& A7t Al th2 F&ol 0] H]a] A4o] JEgo]
7Fg Wokom, Ca¥', K'g H7E Al AA ZEgo] HlwE &
o} & Aol Al FARE H3kS Holrh E3F A u)Fo]
FEAJoPo] F40]2-8 H7IRE A, Sn*'e H71 Al of
Zto] wla] 2uf) FAE QFEAlORd RS Blom, Ca¥,
Fe'& 27} A W2 Qg ERl vhd AP 7} Al oY
/Jo] =obHti(Ratanapoompinyo -5, 2017). AHAHL<=4=0]
AMEAopdo] F&olg H7IE A] Ca¥, AIY, K, Cu*'d]
Ae & WL QI M ollAs A FFE Bo
u, Fe¥', Mg”, Zn*'& 7} Al M4 QFgAdo] asiart
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i
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Fig. 4. Effect of metal ion on the color stability of red kale extract
during storage.

Results are presented as the meantSD (n=3). Means with different letters
(a-f) are significantly different by Duncan's multiple range test at p<0.05.
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(Mei £, 2014).

o)A FEAORS] A FER0] Top} L olg
QFEAJobd AlAO] metal complex 27t BHSEE, HEA
5l Bl =3l ARE 5°] B2HA metal complex
gRkgoll 9= 71 wW=ol2al HAlEITHKimY} Ahn,
1978). wepA] F5012 H7F Al A QP42 FEAloRd
o] S5t sfeba] Hxof YFE e AL HRATHKim¥}
Han, 2016). o]/ AAALS] FEAOP MAE 7|3t
A Bl 7k Al 550l S0l I Al FlsioF
i, §3] Fe’* 7t §99& Fa/do] it wetHc)

ol ofgt FF

AAAL FEAloPT M4-0] Fofl ot WMSk= Fig. 59
UERYRITE B A1 A, ARLET] ol Ak HE
go] B3 sobick. AR HEAORI 22942 10
A7 &R 30T A Al A TREE2 89%E H|wA] Q)
SOLY, 60C A A] 86%, 100CIAE 50%9] e g
2 B3It} of QhEAlold A4S F9E o] T Vangsh
Cho, 2006), oFZ Yol Hwang®} Ki, 2013), 95K Kimi} Han,
2016)9] A4 b2 AR} LRSI AEAOPS £
off RIZsto] 40T ool AAuta7} dofjuts, elycoside
A3t 715E57F dofut o-diketone, chalcone 50| B/
o] 24 E4& TRtk B E| Ytk Adams, 1972; Roobha
S, 2011). wEpA] AALS A7 A H 7R Al w2
229 Fof| =EHA| s FoT Fa/go] qlrkal Bt
.

ool ojst ¥E
AL SHEAoR M| G 0] o3t MBR: Fig.

0.7

A30°C  W6I°C  ®100°C
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o6 W 4 A — A
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Fig. 5. Effect of temperature on the color stability of red kale
extract at different heating time.
Results are presented as the meantSD (n=3). Means with different letters

(a-d) are significantly different by Duncan’s multiple range test at
p<0.05.

6o ehigick BE SRR lelol QhEAloR] Al
HILE S8 2}, 0.1 Mo 7MY w2 8% 4= Ko
8% QPAol 71 B2S & 4 AR ol AL}
(Lee 5, 1996), AFXZAHRhim¥} Kim, 1999), 2.tj(Kang
5, 2003), A1) £Z9)(Yang®} Cho, 2006), o= Yol Hwang
I} Ki, 2013), YSHKimZ} Han, 2016)2] Fof 2Jgt A4 QF
g A Ao} SA1% ARE BT ub Wg Ak}
£ 3557} 015 A QrEAloRe] S gHg ]
TS BRI 5 Ut

0.1 M| g H7He A QAo Aa] A%
7178 Wk= Fig. 70 UERIE G 37 69 At Al
glucose, maltose, sucrose, galactose, fructose =02 52 A}
A 2 Bk A% 29 A A] BE T A7REOIA
A ZEE0] 50% u|Tto]lom, 5] fructose 7t Al Xk
£80] 18%2 A4 a7} ol w27 vehie A% 62
A} 747} A] galactose, fructose2] A ZHEE0] (1) FF Ho
APAA| Y QFEAJoPdof T2 H7FE Al A Qg AJo] w5
HojAl AL & 4 AT Yoon 5(1997)0] T 44
n]9] QEEAJoPdo] -2 7K A] fructoseol A Hi-¢- R
N HELS HO| B A7} TS AFS BT, oA
HwangZ} Ki2013)0] w2 of2jol 2380 g 27}
A] fructoseof A A4~ QFFAJo] 7Hg #QkaL, maltose 7} Al
82 QPo] 71 ot 1 ei7o) Ak ZThE BTk
o= AEA Wt} QFEAoRd xof| AZH Fo SF7L o
27] fizo g AYZHErh(Lee 5, 1996).

T 7F Al REEAJoRd MA0] ZE-go] sl A2
o] 71 A& 1 glycosidic hydrolysis, ring opening, brown
reaction 59| B81Akgo] ol izt Hohel7] upRolet
I HIEQIEH(Yang 5, 1982). WEbA AAA L2 QFEAof

0.9

0.8 Glucose  Galactose ®Fructose ® Maltose ®Sucrose

07 |,
i | ) b € b p

0.6 b b

0.5

04 |

0.3

Absorbance 538 nm

0.2 -

0.1

0.1 0.5 1
Concentration (M)

Fig. 6. Effect of sugar on the color stability of red kale extract at
different concentration.
Results are presented as the meantSD (n=3). Means with different letters

(a-c) on the bar are significantly different by Duncan’s multiple range
test at p<0.05.
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+Glucose

0.60 -
Z-Galactose

0.50 <-Fructose

040 - -0-Maltose

- Sucrose
030 -

Absorbance 538 nm

Storage period (days)

Fig. 7. Effect of 0.01 M sugar on the color stability of red kale
extract during storage.

Results are presented as the meantSD (n=3). Means with different letters
(a-d) are significantly different by Duncan’s multiple range test at p<0.05.

JMAS R A DL 7EE A IR Bkl Ko B
o

AAL JFEAJoP A4-0] Hlof| ofgt Hsle= Fig. 89
LER AT 109 Bt Bt Y4 270004 A1k 23, |
Z0)A 9] MA FELL 66%FoH, T AN &
E&2 83%3{T}. Hong 5(2002)° =W AEELE 39|
IEAJOPT M AFofA] FEE0] F43] A4t o,
ot Ma ago] vH[sitial Hilsof & l+te}
AR S EAh

Mei 5(2014)0] w2 2pP4E0] EEAJOP] MAE
ax Bt A] 5 2] HoE A9 il dig 2400
Hadhe 492 B3 ofFolls A4 o] wiaA
faso] A7 A% Alels W wsfof ethal HilE )
. O|AE AAAILL] FEAJoR M= HofA PP Aol
YaoAe vz bPgFoluw, F7I7 A Al ¥le
Fohe ZAA B O A @740l 29T Zlow wd

ok

rr

N

(M u)
k1

HE2E 2 HFIIZ ot B

AL LEAlOR] M40 A2k, A7z ook
Hok= Fig. 90 vErfiglet. A% 717kt ALl o
M QPE/dE S A3k, 37T, 4T, 20T, 40T w20
W2 M FEES Kol 2Lt gopaE A /Aol

ol A= 96%, B =31 4T oflA = 93%, 37CollA = 70%
O] I=E-E HYth ol Yot EHO] ¢, 75T oA AA

Absorbance 538 nm

--Sunlight
Darkroom

0 2 4 6 8 10
Storage time (days)

Fig. 8. Effect of light on the color stability of red kale extract
during storage.

Results are presented as the meantSD (n=3). Means with different letters
(a-f) are significantly different by Duncan’s multiple range test at p<0.05.
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Fig. 9. Effect of storage temperature on the color stability of red
kale extract during storage.

Results are presented as the mean+SD (n=3). Means with different letters
(a-g) are significantly different by Duncan’s multiple range test at p<0.05.

QFg/do] 7Hd =8kom, 4TollA A wk)7t FASHA Yet
SohHwangd} Ki, 2013). Kim¥} Han(2016)0]] w2 oFs}
FEAS 609 Bt AT o 70T A= 73%2] Ma
A2EE HYOoU, 4TME 69%9] W =8-S Hof
= et FARE AaE EQith EIF iR FUE 84
B 25F gElote] AR A}, 5TolAE 41%2] JFEA]
oRdo] ZHAstIar, 35T oAM= 89%7F A4S oA " &
L7t 37V E Aanty)rt wekA]s o]fi 3-glycoside -
Z9] 7hpEdfol] olgt Aolgtal B =it (Laleh 5, 2006).
web] AALE B A R TRE Al e 2ol
WE EE 1 AR 0] A4 PRAE Eolk o B8
o] & Aoz ytHr]
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