KOREAN J. FOOD SCI. TECHNOL. Vol. 54, No. 3, pp. 257~263 (2022)

https://doi.org/10.9721/KJFST.2022.54.3.257

KOREAN JOURNAL OF
SR A S RIX]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

O27te X2l 2lgt Aol StefobHM gl ASHIX|EY 5}
QR ZAS - FYY
AgelAel ek AR E Al E3-gA AT

Changes in color stability and antioxidant properties of
dietary pigments after thermal processing at high pressures

Boeun Oh'¥, Kunhee Kim'#, and Jungil Hong"*
'Division of Applied Food System, College of Natural Science, Seoul Women's University

Abstract Various dietary pigments are added to processed foods to improve their sensory and commercial properties. In
this study, autoclave sterilization (121°C for 15 min at 15 psi) was performed on 34 food pigments, and changes in their
color stability and antioxidant activity were analyzed. The autoclaving process drastically reduced the peak color intensities
of water-soluble paprika and beet red (BR) by ~90%. Turmeric oleoresin (TO), water-soluble B-carotene, and grape skin
color were also unstable and showed a remaining color intensity of 45-60%. The colors of all the synthetic pigments tested
were stable under this process. The scavenging activities of BR and paprika against ABTS, DPPH, and AAPH radicals
decreased significantly, whereas those of TO were enhanced after the autoclaving treatment. The results suggest that the
chemical and bioactive properties of certain dietary pigments are affected by the autoclaving process, and this phenomenon

should be considered during food processing.
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H7HEol ] o]
A7 FEL Jlom, Ef2 A4
2 #9354 (ADHD)S -FatstAy
4 g oAt 5o Rakg EAEC] A&
R ol e ek EAl E &H|Rle] AEw
ste] orFst A - 284 Fadd) ARg-Eol Ftst
2ATHRandhawa?} Bahna, 2009). 3, A 4o Abspy=] &4,
FEF 2 A B4 5 o AYBA V5o] BEEA A7
Ha o, MAgRe] If 3 Wk o} A 71540
gk &8o] AF T tet AFAA F7Fstal Ark(Saini 5,
2018). 23U HA MAE 9, pH, &% T2 W3l uet B9t
g A7t Bol, o]59] P v dF8l 2 vt
T4 A% Al A FAE YIS WUt 5o AAA At o
2o B FrryE 9ad AAo|ti(Cabrita 5, 2000).
F7Fs 34 F SRR rAEe 9
S A U
(Boekel 5, 2010). ¥4 Fae] B3] Fo] FA|Ho]
LA BRI o] 88 Fol HAALF FolA EdHE
I e A g EHo] F718aL, Sweet corn (Dewanto =,
2002), EPIE 7153 (Gahler 5, 2003) 52] AR 4do] =
7Veithe A3e gt o] Qo= BIHA(Choi 5, 2006), <14+
(Yang &, 2006 N1X = 322, 719t Al ksl &t F7tst
Feol BAEQITh G2 Aol AN L vX|= F3 ol
3 e A3E BRuEdE), JlRExo|E Age HEHYE
e A 27t 25575 A9 Jmrt fHo=Z 7Hast
FomMin 5, 2018), SR =o|= AFe] UAEAJoI AMAE
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AE 7 F BEA "dHE] 4o th(Boekel &, 2010). L
ek A dAE] BE AFEo] FHAsHA HgE o AT
(Koszucka®t Nowak, 2019; Rifna, 2019), 2713t 2ol <]s)
WA 2840 sl Alw wisle] tigk AtE F
=3 Adgoln, oo wE AR &4 F g wstel o
g AFE Ao FeE u Qloh webd B AeX s 34%9

FAQ M 2 AFEA s ey HaAEE A
AlataL, o] ol ofaf frmE 7k MAase] Awel shekby /g

2 Aol AFEE 34F9] AFAMAES ES 7159 T4(Gunpo,
Korea)oll Xl T4ttt #1874 A= DMSOdl, 84 Alas
ZHT 235k 100 mg/mLe] stockS A Z3FAL, o] ARS
o] —80°C H= -20°Coll A7gste] ARE-atqATh 2t A g9 A
B A 2 A% = Table 1S (supplementary Table 1)o] YERAT
o] 9o Ay AIES BE A2 Sigma-Aldrich Co. (St.
Louis, MO, USA)lA 3l ARSI T

ol
-

n271ek xz|

7t AN RS F SHERS ARl A Fr99e] F
FE ol 08+027F HE =R ZHS0 s 1est
S AEE S8l 24 A E e

o
=

FAP] ¥R AFS 15
mL e-tubedll 1 mLA #F¢ §F, ARbd 7RoPEH 27191 121°C,
15 psioll A 15%7F 2] 2]} tHAutoclave VS-1221-60, Vision Sci-
entific Co., Daejeon, Korea). Z} A& ¥ 3719] e-tubeE A3l
HEEAY 39, 7HE ol EdFE 22 838k 7E A
I 7tE F FA ZpelE ek ol A"l SRTE 7
FEE A A

HIME Big BM

A271.F Ao st MAA|Re] HAEA WlE Felsly]
3, g AE AIEE 96 well plateol] welld 200 uL¥ #-F3}
of 7} A ) F3% 2 400-700 nmolA Q] FF A EY
S vlo]ZZE Y 0|E B57](Spectra Max M2, Molecular Device,
Sunnyvale, CA, USA)E ©|&3te] A3t Bk 271 A
ol &gk MAEe Mr ¥sIE AT (CR-400, Minolta Camera
Co., Osaka, Japan)E ©|-8&-3te] FAAth A& 1.5 mLE Petr
dish (35x10 mm)ol] &3k % 33] WkE-3le] CIE L* (lightness),
a* (redness), b* (yellowness) FXE o]&3slo] =43}
EIC|E AHEN FE

A2t A2 AT AMAEQ] 2,2-azino-bis-(3-ethylbenzothiazo-
line-6-sulfonic acid) (ABTS) ZFZ &AL 712 W] <
3 A3t Jung® Hong, 2021; Lee 5, 2021). =, 74mM
ABTS®} 2.6 mM potassium persulfate <322 3HF 59t 9ol
Al WAEte] ABTS ol 3442 §F, 734nmollA] S8
kel 0.8+0.1 W7t H=E SHRFE A5k 314 ABTSS
A 150 uLoll ZF MAAE 50 LS 7iete] Ao haolla] 308
7+ AA3 F 734nmolA FHE HElE sk E3 2.2-

diphenyl-2-picrylhydrazyl (DPPH) =t 2AEAd 9] S4S Sl3)
2719 AN E 50 uLet 0.8+0.1 FFEE JEIEE 343k
DPPH &9 50 uLE EF3te] Ao daolA] 3087 w171
< 517mmelA S =E SH 8 (Jung?}t Hong, 2021; Lee &,
2021). X2 AF FGuZ 2AGHL 7 A g T

4 AL B3l 849 Xt dojux] &= A wEES

oM wlastitt.

Oxygen radical absorbance capacity (ORAC) £44

2718 Aol ot AgMAEe] AsPIAE] H3lE ORAC
assayE &3l E43F%THSong 5 2018). A7 AT AMAES 0.1
M phosphate buffer (pH 7.2)o 3]4]¢t A E-8A 60puLe} 0.5
uM fluorescein 100 pLS E3$F §, 20mM [2,2-azobis(2-meth-
ylpropionamidine) dihydrochloride] (AAPH) 40 uLE 7}3}o] w3
< MAEATE 7 A AR EA] Al AAPHERT Z] o] gt
fluorescein®@d WIS PAz719] 37°C viY7|oA BE&A17]H
3A17F B9t 1580t} excitation/emission 485/535 nm (cut-off 530
nm)ol| A 4] 3FATH(Spectra Max M2). 7} A3be 37k vt
7] (halflife) A7+ 2 A mgd EFEZEE ARE-E troloxol o
3t umol equivalentE Al4tste] A A SHATE

SAHXE|

BE A3 33] o) BAletY HHeRTUAE UER L,
T8t A A AEZE KA} B4 Students rests A

A8l 95% = 99%2] FolgollA AT
Za ol D&k
271t Mo 2fst Aol SIStN QOPMAut MEof BiS|
Aae opet 7R R HrkEle AL EE AA A=
EAste] 7R T HIE 2T F Uk B AoM e 4
o8 b= e Aeed
g Aghet Aw Adeje] 34F A F A MAAEC] tsll(Table
1S), FAES] HHES 8] RHEHO T o]&%+= autoclave 7
-

o] F5T G (peak absorbance)S 10 nm 7HA2] FE4 spec-
trum 45 T 2ARBEL, AW 4 sPd AA 9 e
E 7]F2=Z group 1 (400nm, yellow/brown), 2 (440-450 nm,
yellow/green), 3 (460-490 nm, red), 4 (520-540 nm, red/blue), 5
(590-600 nm, blue), 6 (synthetic) & 67 groupSZ 733 TH
(Table 1).

AAE Se7sh AE & A2 A AlEe} Blaste] FHof E
T A Azt 90% ol Holle A H(stable), 60-
89% AlolE E-9FY(unstable), 59% ©]3t2 Mwr} 7443 A$-
uf$- 2o (very unstable)E TSI THTable 1). 2 A3} 32
718 Aol ek e MAFEA 1971R]9] AArt T Qe
E3] group 6 T/ A BF FHU FHTIT 98% olFe
FAEH AANLET sEHHow Mtk A AFE
Ixsh= A5 R A THLakshmi, 2014).

A Qg o] HlwA Hojxl th(unstable)x. S 60-89% Alel
o] IFAEE YEP MAELS F 10522 2 A3H(Gardenia
yellow AC-5102), SME (Annatto 30), 22| 2R 3+Z2]7KOleo-
resin paprika), =% (Monascus 100), 2 F(Red RR), |Z|d=
(Cherry red), 2 <FH]5=(Red cabbage 100), ¥/ & JullF=(Liquid
red cabbage), A X =(Purple grape), A% (Gardenia blue 27)

& hu



LRI Aol e]gh A FA 20 Wt 259
Table 1. Color stability of dietary pigments after the autoclave sterilization process
Group Colorants Pea(ull:n?)bs. Prep(a;;t/i;li «Sonc. IIXE:I Remainirz%/o c)olor level Peak shift  Stability
Brown color 2020 400 2 0.73 99.23+£2.20 - sh
AF cacao 280 400 0.25 0.64 99.24+1.96 - S
Safflower yellow AC5102 400 2 0.72 96.08+2.69 - S
1 Orange AC5104 400 2 0.82 90.49+0.83 - S
Cuttlefish ink powder 400 0.4 0.65 95.60+1.44 - S
Caramel P212 400 1 0.84 96.47+1.40 - S
Caramel powder 400 1.6 0.98 99.67+0.38 - S
Turmeric oleoresin 440 0.05 0.68 45.52+0.84 430 VI
Yellow AF4 440 1.25 0.90 90.29+0.89 - S
) Green GG8610 440 1.6 0.96 93.84+1.19 - S
Gardenia yellow 600 440 0.25 0.67 97.57+5.86 - S
Gardenia yellow AC5108 440 2.5 0.79 84.71+3.88 - U2
Annatto 30 450 0.04 0.73 79.40+1.46 - U
Soluble B-carotene 460 0.8 0.83 59.70+1.38 - A%
Soluble paprika 460 0.25 0.79 11.08+0.70 DY \%
3 Oleoresin paprika 460 0.4 0.56 82.40+1.80 - 6]
Red PB (cochineal) 490 2 0.77 97.62+1.12 - S
Monascus No.30 490 0.5 0.55 90.17+1.26 - S
Monascus red 100 490 0.2 1.00 78.13£3.35 - U
Red RR (red radish) 520 1.25 0.56 64.02+0.52 - 6]
Beet red 30 530 4 0.68 8.38+0.42 D v
Red color CG2 530 2.5 0.68 96.22+0.71 - S
4 Cherry red 530 2.5 0.68 88.11+3.29 - U
Red cabbage 100 530 2.5 0.80 76.45+1.28 - U
Liquid red cabbage 530 2.5 0.77 78.36+1.14 - U
Grape skin 530 1.6 0.90 55.83£1.67 520 v
Purple grape 540 2 0.79 66.29+0.31 - U
Natural black 2020-1 590 10 0.82 98.05+0.79 - S
5 Gardenia blue 27 600 0.5 0.64 89.35+1.60 - U
Blue color ES 600 10 0.67 101.9£2.62 - S
Synthetic Yellow 430 0.4 0.94 99.35+0.24 - S
6 Synthetic Red 500 0.4 0.70 98.42+0.06 - S
Synthetic Scarlet 530 1 0.75 98.32+0.58 - S
Synthetic Green 630 0.5 0.83 98.96+0.32 - S

DS, stable; residual peak color intensity >90%

JU, unstable; residual color intensity 60-90%

JV, very unstable; residual color intensity <60%

YD, no clear peak observed due to pigment degradation

M2} of7le] ATk QRIE, pARE B Lo s

R AREOlE AY M2 st 47 Lohke WAL 2
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AR A=

ERd MAE
skin), 84

Ao Z AZFEH(Mesnier 5, 2014).

60% ©]3ke] w9 2 Y (very unstableyS
27 2#8A A3H(turmeric oleoresin), =3} (grape
B-7}ZHl(water soluble B-carotene), T84 }Z&|7}

(Water soluble paprika), 2 H|EZ=(AF Beet Red 30) 284
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2 curcuminoid 43S 2HE 7118, 71X &l A =
F=lo] GAlo] = A4S eIt B EtH(Song?t Hong,

=
S
AN

-
Jn ey wy

i b o



260
(A) Water soluble B-carotene
1
—— Fresh

0.8 Autoclaved
(5%
o
S 06
<
Rl
—
2
2 o4
<

0.2

500 600

Wavelength (nm)

550

(C) Oleoresin turmeric
8

—— Fresh
Autoclaved

Absorbance

Wavelength (nm)

Absorbance

=2 Z38k8] %] A 54 WA 3 E (2022)

1 (B) Grape skin

—— Fresh
Autoclaved

0.8

o b
400 450 500 550 600 650 700
Wavelength (nm)
(D) AF beet red
8
—— Fresh
Autoclaved
0.6
©
Q
=
<
S04
o
38
<

o
[ 8]

0 TN TN TN TR TR NS TN T N T TN JNU NN TSN TSN TN TN TSN T T S S
400 450 500 550 600 650
Wavelength (nm)

700

Fig. 1. Changes in absorbance spectrums of dietary pigments after the autoclave sterilization process. Dietary pigments including water
soluble b-carotene (0.8 mg/mL, A), grape skin color (1.6 mg/mL, B), oleoresin turmeric (0.05 mg/mL, C) and beet red (4.0 mg/mL, D) were
treated the autoclave process and their absorbance spectrums before and after the treatment were compared.

2017). HlEZ == Dol wi$
A] betacyanin % betaxanthln«] -‘rﬂ
© 2 HIEAYKayn 5, 2019).
3 AAES] FHEd e wWHalEwlr olyz}t 400-700 nm
FIAA gade] AAAel &4 A EH HIlE BA3HE
d, i) Adeld eao] AHHEhE peak FYIHgo] W
seke AT ANAYEe BAHA AATHFie. 14). 2t E
=gt geedd 4y ﬂtﬂ % peak’} 717} 530 nmok
430 nmol Al 10 nm @33 20 F3= peak shift 23=

7o
RN LA

et QenEd ol /1
Sla) Alo] we7) wfE

ePdthFig 1BS} 10). 7% nEY =) 2
&4 gz vte] 73%{— 7tgdxiglel oJs) AAHQ gAlo] =
Hom He] FFF peak= AR E B BYITHFig D).

A7 Aol «IOH %~ &g SH(very unstable) 552 A
o gl MAAE o] g5t AAH ] M= sk Skt
(Table 2). BE MAEo|XN BHE L*zfo] GojFo=z Zvlaids
8 (p<0.01), 1= 7FEA glell AT& gk go = Qg ZoF
e e 4%, 584 pIEEY e A Ad
R ESSSRG Re A=t ATEJL b¥gte] & Fog e
W(p<0.01), a*gtoll= Fo491 Wzt fisich. 28y A4 Alg

874 szE7he a*ob brgre]l BF fojHow e
(p<0.01), A2 B4 ALe] wEH =S} XEAY oM
a*gre] tiF A ot (p<0.01), b*he v Fkshe e
vFeR Tt

2712k Ma2lof| ofst

eIt A 279 ofF 34F
312 ABTS9 DPPH ]z 27802 BEA3ITHTable 3).
eIt HEE B3l MErE ZA we PX% ol Qb et A
2 ERE 299X A%, F84 T= FH} HEY =, 484

Algaao] AsUX|gY s}
/}114&/\}1/\/] )\}§].qu]§1—1\4 =]

(€] i

B7t=El ¥ XeIy T 559 AMAh F, 84 Tzgle p-
Flzelo] #A3 ABTS 2tz 4275 %,i% HAow, +&
A #22]7l= DPPH |tz &AZA ] ik o] Yelytt

(p<0.01). HMIEH|=9] A% ABTSS} DPPH t]zt 27840
Al B o)Al 7“7} BEAE AT E<0.05). WA, e
Algke] AL EAo7 ABTS® DPPH @tz &A%
Z718 Ao® YUERGE=T) FAE] curcuminoid GEa] A+
ol o E& ASA 248 Uehiy] bESR wAvEw 4
G 20] FrEA e o AlspR] Gdo] Tkt V1€ B
29tE AX|SHSong &, 2018). XY MAE F27IQF A
ol 23 dA3 st e Bsl aksbix| S| §-2|
A1 Wsh7t JER] gkom, AA] FEAOI esteriFo] 3]
oﬂ Lq.e Al ‘:o] ojx% o] :;_175,%]— wsk A};].HP;(]@LHO HL;,]sL Ee
Q7] WEo 2 AAEthRoss 5, 2011).
271t Aol Qs 20% FE] A=A
gz gzrie F F g g AARA0] B {24
S2 Zasiich Wi, Behe A2(Brown 20209 7R A

(AF Cacao 280)= ABTS®} DPPH &tz &7 Folr] BF 9]

o] BT

]\__

s



871 Ao ol 4F 2] st 261

Table 2. Changes in colorimetric parameters of dietary pigments by the autoclave sterilization process

Fresh Heated
Colorants
L* a* b* L* a* b*
Turmeric oleoresin 56.40+0.02 -1.19+0.01 10.28+0.02 58.54+0.04**" -1.18+0.01 2.61+0.02**
Soluble B-carotene 55.53+0.07 -0.14+0.03 13.29+0.05 56.89+0.01** -0.30+0.02 6.29+0.01**
Soluble paprika 55.09+0.03 2.56+0.02 10.11+0.01 57.89+0.01** 0.79+0.01** -0.83+£0.01**
AF Beet Red 30 51.92+0.01 13.07+0.04 -2.44+0.00 58.15+0.04** 0.77+0.02%* -0.58+0.03%**
Grape skin 52.75+0.01 6.48+0.03 -1.08+0.01 54.72+0.00** 4.28+0.02** 0.52+0.01**

DSignificantly different from initial fresh sample according to Student’s #-test (p<0.01)

Table 3. Changes in ABTS and DPPH radical scavenging activities of dietary pigments by the autoclave sterilization process

Radical scavenging activity (%)

Colorants Conc. ABTS Conc. DPPH

(mg/mL) Fresh Heated p value (mg/mL) Fresh Heated p value
Brown color 2020 0.5 81.38+2.02  74.68+2.25 0.018 1.0 46.43+£1.52 42.37+1.07 0.019
AF cacao 280 0.016 53.34+£2.27  47.65+0.64 0.014 0.125 60.35+£3.08  53.22+1.93 0.027
Safflower yellow AC5102 0.5 56.73£0.57  55.05£1.02 0.067 1.0 27.1145.55  21.17£2.08 0.158
Orange AC5104 0.5 80.47+045  80.11+1.3 0.677 1.0 31.74+4.50  26.41£2.98 0.163
Cuttlefish ink powder 0.1 41.66+0.58 43.2842.43 0.324 0.2 26.25+0.85  22.62+1.89 0.039
Caramel P212 0.125 50.95+£0.57 45.43£1.14 0.002 0.5 36.61£1.42  35.00+£4.86 0.611
Caramel powder 04 58.70+1.24  58.85+4.00 0.953 0.8 31.20+1.18  31.64+0.74 0.607
Turmeric oleoresin 0.013 15.98+0.82  26.76+0.19 2.49E-05 0.025 16.31£1.24  26.14+£2.97 0.006
Yellow AF4 0.313 33.09+1.04  31.51£2.99 0.436 0.625 24.74£1.28  21.38+£3.92 0.231
Green GG8610 04 41.64+0.40  40.13+1.47 0.163 0.8 25.93+£3.21 28.68+7.44 0.587
Gardenia yellow 600 0.063 23.28+0.62 22.86%1.71 0.710 0.125 16.20£2.70  16.80+3.79 0.835
Gardenia yellow AC5108 0.625 38.61£0.14  36.59+1.19 0.043 1.25 20.65£5.25  22.76+4.88 0.636
Annatto 30 0.01 13.00£0.45  5.26+0.29 1.54E-05 0.02 11.93+438  3.86+4.35 0.026
Soluble B-carotene 0.2 16.07£0.15  9.01+0.43 1.14E-05 04 21.80£6.06 17.61£3.36 0.355
Soluble paprika 0.063 14.03£0.66  7.43+0.56 1.85E-04 0.125 23.86£3.20  7.09+4.99 0.008
Oleoresin paprika 0.1 15.1240.16  9.27+1.25 0.001 0.2 18.44+£2.63  4.99+4.30 0.010
Red PB (cochineal) 0.5 66.29+1.48  65.1+0.85 0.294 1.0 65.33£3.58  63.12+£1.94 0.401
Monascus No.30 0.125 27.92+0.28  26.38+0.58 0.014 0.25 11.47+£2.67  7.81+2.40 0.152
Monascus red 100 0.05 36.99+1.67 34.07+0.66 0.048 0.1 18.56+3.14  16.38+2.59 0.408
Red RR (red radish) 0.078 42.09£1.23  40.84+1.84 0.382 0.625 55.74+£1.22  55.08+8.04 0.895
Beet red 30 1.0 57.77£1.98  53.10+0.51 0.017 2.0 32.89+3.79  22.16£3.01 0.018
Red color CG2 0.625 49.11+£1.66  46.46+0.91 0.072 1.25 4425+6.11  49.51+0.23 0.211
Cherry red 0.156 66.10£3.95  60.56+£1.93 0.094 1.25 62.19+£3.13  62.75£2.65 0.824
Red cabbage 100 0.156 77.92£1.06  76.96+1.31 0.377 0.625 64.78+3.20  57.44+0.79 0.018
Liquid red cabbage 0.078 44.79+£0.69  44.10+0.82 0.329 0.313 36.60+2.34  30.08+3.35 0.017
Grape skin 0.1 65.79+£0.67 64.57+0.64 0.085 0.1 46.01£4.21 44.2545.73 0.690
Purple grape 0.063 35.60+£0.32  33.13£1.63 0.061 0.5 49.22+£3.12  48.11£1.46 0.605
Natural black 2020-1 2.5 79.21+0.38  79.49+1.38 0.749 5 27.78£2.83  32.05+£2.77 0.135
Gardenia blue 27 0.125 46.71£1.76  39.36+1.21 0.004 0.25 24.64+4.49  22.60+4.98 0.625
Blue color ES 2.5 47.50+£0.75  47.77+1.16 0319 5 20.72+£5.49  22.42+3.27 0.670
Synthetic Yellow 0.1 1.07+0.21 1.29+0.26 0.315 0.2 27414521  23.29+3.70 0.326
Synthetic Red 0.1 3.71+1.18 3.98+1.23 0.796 0.2 26.29£9.49  37.21£6.19 0.670
Synthetic Scarlet 0.25 2.43+0.60 1.72+0.17 0.122 0.5 7.08+5.04 9.71+0.97 0.425

Synthetic Green 0.125 0.86+0.35 2.30+0.11 0.002 0.25 11.26£2.92  14.79+2.16 0.167
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Table 4. Changes in antioxidant properties analyzed by ORAC assay of dietary pigments by the autoclave sterilization process

ORAC assay
Color (H?QI;SL) half-life (min) Trolox equivalent (umol TE/mg sample)
fresh heated p value fresh heated p value
Brown color 2020 0.03 84.57+2.80 87.00+2.78 0.3466 0.212+£0.026  0.245+0.027 0.1958
AF cacao 280 0.0015 89.08+1.16 88.17+2.12 0.5529 3.819£0.376  3.545+0.532 0.5075
Safflower yellow AC5102 0.03 85.34+0.67 86.91+1.31 0.1379 0.241+0.009  0.264+0.016 0.0885
Orange AC5104 0.03 79.46+0.88 80.79+1.62 0.2774 0.140+0.011  0.169+0.017 0.0652
Cuttlefish ink powder 0.024 73.09+1.17 71.77+1.58 0.3115 3.358+0.206  2.968+0.348 0.1700
Caramel P212 0.003 88.93+0.24 88.14+1.06 0.2769 4.606+£0.068  4.141+0.256 0.0383
Caramel powder 0.008 70.80+3.26 71.05+3.54 0.8194 6.626£0.970  6.605+1.078 0.9808
Turmeric oleoresin 0.0015 80.73+1.37 93.19+0.43 0.0001 2.908+0.264  6.093+0.074 3.58E-05
Yellow AF4 0.0375 97.74+0.78 78.27+2.52 0.0002 9.754+0.198  2.921+0.618 5.33E-05
Green GG8610 0.024 94.54+0.38 94.60+0.20 0.8083 7.095+£0.156  7.120+0.084 0.8169
Gardenia yellow 600 0.015 80.54+3.09 79.40+3.94 0.7141 0.401£0.065  0.381+0.080 0.7522
Gardenia yellow AC5108 0.015 86.84+3.16 87.75+2.48 0.7157 0.270+0.050  0.291+0.040 0.6117
Annatto 30 0.006 69.21+2.75 70.03+2.88 0.7388 0.442+0.068  0.522+0.116 0.3605
Soluble B-carotene 0.048 70.23£1.53 70.18+4.09 0.9858 0.050+£0.009  0.050+0.025 0.9873
Soluble paprika 0.015 80.74+1.16 75.75£1.19 0.0065 0.358+0.020  0.242+0.023 0.0027
Oleoresin paprika 0.012 68.01+2.94 65.15+3.29 0.3246 0.248+0.018  0.168+0.011 0.0011
Red PB (cochineal) 0.03 88.40+2.62 88.98+2.55 0.7941 0.273£0.021  0.278+0.019 0.7998
Monascus No.30 0.03 83.77+0.85 84.78+0.09 0.1088 0.135+£0.008  0.152+0.001 0.0378
Monascus red 100 0.012 86.87+2.47 86.57+0.52 0.8488 0.432+£0.066  0.431+0.021 0.9750
Red RR (red radish) 0.0075 72.49+1.40 77.20£1.52 0.0170 0.563+0.045  0.753+0.051 0.0085
Beet red 30 0.06 91.27+0.64 89.40+0.51 0.0170 0.097+0.003  0.091+0.002 0.0304
Red color CG2 0.0375 86.04+2.69 86.89+3.38 0.7498 0.188+0.019  0.207+0.022 0.3761
Cherry red 0.0036 88.12+1.51 86.08+2.38 0.2779 1.935£0.191  1.769+0.242 0.4029
Red cabbage 100 0.0036 89.33+0.55 86.30+0.93 0.0083 6.429+0.118  5.372+0.162 0.0008
Liquid red cabbage 0.015 98.92+1.01 89.49+0.05 0.0001 10.742£0.240  6.520+0.020 7.05E-06
Grape skin 0.0015 93.18+0.49 93.06+0.78 0.8271 7.284+0.080  7.271+0.097 0.8608
Purple grape 0.015 80.45+1.03 80.21+1.12 0.8013 9.873+0.584  10.193+0.503 0.5126
Natural black 2020-1 0.06 92.39+1.12 91.74+1.1 0.5155 5.859+0.361  5.704+0.357 0.6254
Gardenia blue 27 0.0075 89.94+2.93 91.03+2.78 0.6659 6.063+0.807  6.356+0.749 0.6690
Blue color ES 0.03 86.56+2.32 87.83+2.55 0.5576 2.980+£0.900  3.538+0.942 0.4995
Synthetic Yellow 0.024 92.36+1.06 92.63+0.40 0.7017 4.502+0.275  4.315+0.129 0.3463
Synthetic Red 0.006 74.93+1.86 74.23+1.14 0.6091 4.890+0.400  4.689+0.220 0.4886
Synthetic Scarlet 0.3 80.56+2.84 81.96+4.26 0.6592 0.259+0.655  0.140+0.932 0.5771
Synthetic Green 0.03 84.02+0.38 85.31+0.29 0.0097 2.770+£0.100  3.383+0.131 0.0030
HQl ag HYE, olF i Fygiol 7} letus 9 werled A AT HAage] a 2RSS AAPHE
Hi Zx(roasting)#H8 ] A TS Bl AHEHERE FIHA 227} TZhS 0|83 ORAC assayE B3l &7931al, MAAE mgd &

St Al o3 M= Wsyt A YRR g2 Wi, AksR| FEZAZ ARE troloxoﬂ gk pmol equivalent?} FF7rAe] Wk
24 5o WHItE xYske 38hy wske dds] Wliske A 771 (half-life) A17HS AlAkete] YEFATHTable 4). 222719t A
o7 welr} 3FerAow Y] erysitty LRl A %]-}_\11’ 3| A zF A Ao) trolox equlvalentoﬂ ZA 8 ARSI AL oAk A
:81/‘“ =2 MAE 7 SHFEAA 2 ABTS #HZd &7 A== (liquid red cabbage), A E% (purple grape), <3 A3}
%Még UERASL, DPPH stz a7dlM = dijdos 23 & (vellow AF4), L= A 5o o= F7| Yepston J2
AE Bov, NS ALsta foHl SdRiske #E 71k AE WG HE, £ XA Aae] AkshiR] 24
=R kT vt oA o2 JeERITHp<0.01). F Mie 71EA g 93]
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ZH7F 10 B 22% AT 745 YERI ST ABTS % DPPH 2t
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Z 34T Ma F 1FelA 22718 HE f2A Trolox
equivalent] W37t #FE =], o] T @z Hzegle}
E=2 A 2x(Monascus 30), 71ehd A AE ALg 8352 ¥F9
W] ZgoM = Al 2Rl WskE B ATHp<0.05). <82
g7 A8t HEAne H9 EFHOZ trolox equivalent?] F
7V S JERIS 484 ABTS % DPPH Htjz &A%
A a271.F A 98] Srlshe d#E AxE Bt ¥
2713k Zlel ofsf wig- B S 5T A F 8 Hx
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