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Correlation between Antioxidant Capacities and Color
Values in Korean Red Grape Juices
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ABSTRACT Grape juice is consumed worldwide and studied due to the high antioxidant activities and contents.
The color of grape juice is due to the presence of phenolic compounds such as anthocyanins. Therefore, color values
can be an indicator of antioxidant capacities of grape juice. However, the correlation between color values and anti-
oxidant activities in grape juice has not been well studied. In this study, the physicochemical characteristics and correla-
tion between color values and antioxidant capacities of Korean red grape juices (five commercial juices from market
and two juices prepared in the laboratory) were investigated to estimate antioxidant capacities. Antioxidant capacities
were determined by 1,1-diphenlyl-2-picrylhydrazyl radical scavenging assay, ferric ion reducing antioxidant power
assay, and oxygen radical absorbance capacity assay. Total phenolic contents, total flavonoid contents, and total antho-
cyanin contents, including five kinds of polyphenolic compounds, were examined by high performance liquid chromatog-
raphy (HPLC). The results for physicochemical properties showed similar values, except titratable acidity. The color
hue values of the prepared juices were higher than those of commercial juices, which was in contrast to the lower
color intensity values (P<0.05). The Hunter L, a, and b values showed almost no difference between commercial and
prepared juices. The antioxidant activities and total phenolic contents of commercial juices were higher than those
of prepared ones. Gallic acid, catechin, and quercetin were confirmed by HPLC in all samples. The total phenolic
and total flavonoid contents showed positive correlation with antioxidant activities. In addition, antioxidant activities
and contents correlated with color values. Thus, estimation of antioxidant capacity could be feasible through the spec-
trophotometric measurement of color values.
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Table 1. The contents of soluble solid, reducing sugar, the values
of titratable acidity, and pH of the Korean red grape juices

Reducing

Sample” Soluble solid sugar T@tr_atable pH
contents (%) o nients (%) acidity (%)
A 15.97+0.15"2 21.93+0.19°  0.70+0.01° 2.97+0.01°
B 12.60+0.10° 14.240.02, 0.68+0.02" 3.21+0.01°
C 14.17+0.06° 15.60i0.61bc 0.44+0.04° 3.09£0.01°
D  14.83£0.06° 16.30+0.34 0.46£0.01° 3.07+0.01¢
E 14.83+0.06° 16.60+1.21" 0.40:0.02° 3.060.01¢
F 12.130.06"  13.93+0.27 ] 0.43+0.01% 2.86+0.01°
G 13.37£0.06° 15.01£0.39% 0.43+0.02" 3.18+0.01"

YA, B: prepared juices, C~G : commercial juices.

?Values with different letters within the same column are sig-
nificantly different at P<0.05. Values are expressed as the
mean+SD.
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Table 2. The color values of the Korean red grape juices by the spectrophotometer and Hunter colorimeter

Sample]) Color hue Color intensity Yellow Blue Hunter L Hunter a Hunter b
A 2.74£0.03"  0.86£0.000  68.97+0.13° 25.19+028°  5.83£0.29° 25.04+0.00° 23.27+0.01°  10.45+0.00°
B 2.90£0.01°  0.5140.00°  69.28+0.09" 23.85£0.10"  6.87+0.17" 31.24+0.00° 21.66+0.00" 17.03+0.02"
C 0.960.00° 2.71£0.00°  43.09+0.02° 44.80+0.01° 12.1120.03° 24.66£0.017 22.43£0.01°  6.78+0.01°
D 0.85+0.00" 2.484+0.00°  39.98+0.03° 46.89+0.01° 13.13£0.02" 24.79+£0.02° 24.20+0.01*°  6.38+0.02"
E 0.86:0.00" 3.07+0.00°  40.16£0.02° 46.69+0.01° 13.15£0.01° 22.05£0.01°  19.04+0.04°  5.48+0.02°
F 1.0240.00°  2.24+£0.00°  44.28+0.01" 43.27+0.01° 12.45£0.00° 30.09+0.01° 20.27+0.01°  9.55+0.01°
G 1.45+0.00° 1.8740.00°  52.10£0.03° 35.95+0.01" 11.95£0.02° 33.26£0.02" 19.68+0.01" 12.69+£0.01"

l)Samples are the same as in Table 1.

?Values with different letters within the same column are significantly different at P<0.05. Values are expressed as the mean+SD.



A Z2F22(25.04~31.24)9F Al BF22(22.05~33.26)2] =}
o|7} a4 erokom, AN EE YERY= a gh(Al 22
21.66~23.27, N ¥ 19.04~24.20)% w}zk71A ek, &
AEE e E b g2 AlZzFel A 10.45~17.03, Al
20 5.48~12.69 B9 E AR AZZENH o =& 7
< YERT

gitst 2y H s Y2

AELFro] gabst @43t kst A& Table 3¢
et ek @aksk 22 DPPH gz 274 24w,
FRAP % ORAC W o= SH4stglon], @itst 42e 3
A e, & EohE ol ke 3 F EAlohd 9

ZFS SAsh DPPH gtz &4 &4& 0.45~1.47
GAE mM, FRAP &4< 1.91~4.80 TE mM, ORAC &42
79.34~475.22 TE mM B9 2 YEelgt) dutz oz Az
Sk Ao u|ste] Al@F2~o] ksl Edo] Eodt T3 F
& 35 e 257.94~941.14 GAE mg/L, & S8
o)t 3HE ke 425.14~1,472.00 RE mg/Lg o,
ksl ST FARSHA Al xe TR A9k 2s0] R

78~16.40 mg/Lg o A|#F29}
F229] zpol= AA] &dtt $HHE Al@E = U] Al
AET22, FRANESTFT2, HEEFT29)
At g3 F dlE S s s u
(73.07~205.64 g/L)3} 3xk3} &

to
=
Ry
N
[>

fobt [ BN

BB N2
NN

1o fo

1y
01'}1' o2
=

i

o
off

shet Ax g 1209

4(37.82~331.09 TE puM)e] ¥la% ¥ Aoz Wiy
vl ATH(3).
Zohls st =M

A 7L Fof HEAtoly ZEtR o] =9 T E
A FEEL U7 EA e Jua= EAstER 4o
U &4 2 75k aglycone?] %S w435ke] e}
AH(23). AEE=F2 7R s ZedE 33E 24
S HPLCE #4]3}9] Table 49 JeERNQIT}. HEate] 9%

¢l gallic acid, Z2}R.x=o]= 3}8+E-2l catechin, quercetin
o] BE HAxEFAAAN HAEHIeH, 1 dFS 474
31.61~38.08 mg/L, 56.63~73.87 mg/L, 47.20~51.87 mg/
Lo W92 Yelyt}. Caffeic acid®} kaempferol2 2 X%
22 CollA], ferulic acidi= A|Z=3d 22 A, Bl A RF 2l E
Ak A, AF, A, 2R, S -A] gl &, EvfE
T A9 EFY FdF2 Fod AEEF 27} flavan-3-ol
2 hydroxy cinnamic acid®] &&o| 7} =l B 15

th24).

b

o
£
ot
2
o
i)
oL F
o
Hie
flo
0%
rﬂ‘_‘:]‘
ox,
<

1l
[
oo
©
o~
[\

1
©
©
—
©
&
o

Table 3. The antioxidant activities and the antioxidant contents of the Korean red grape juices

Sample” DPPH” (GAE mM) FRAP (TE mM) ORAC (TE mM) TPC (GAE mg/L) TFC (RE mg/L) TAC (mg/L)
A 0.46+0.00°" 2.49+0.01" 79.34+17.62° 388.53+1.00° 7437114917 16.40£0.10"
B 0.45+0.01° 1.91+0.01° 137.37+6.09° 257.9442.56" 425.14+19.22° 8.74+0.03°
C 1.4710.032 4.8010.022 310.99184.75:(: 671.3&13.232“ 1,472.00134.762 9.1810.13:
D 1.3720.03’ 4.62+0.01° 420.78+52.90" 941.14£9.34' 10224841650 10.62+0.03,
E 1.4420.02° 4.74+0.02° 475.22+13.96. 928.20+17.68 132914444631 1567011’
F 0.740.03' 3.55+0.03° 264.85+21.88 523.76+17.82 519.6218.37 1.7820.05°
G 1.10£0.01 4.2140.03 348.52+33.97 739.48+53.76 641.52+3.30 5.860.07

USamples are the same as in Table 1.

?DPPH, DPPH radical scavenging activity; FRAP, ferric ion reducing antioxidant power; ORAC, oxygen radical absorbance capacity;
TPC, total phenolic content; TFC, total flavonoid content; TAC, total anthocyanin content.
»'Values with different letters within the same column are significantly different at P<0.05. Values are expressed as the mean+SD.

Table 4. The polyphenol composition of the Korean red grape juices by HPLC analysis (mg/L)
Sample” Gallic acid Cafteic acid Ferulic acid Catechin Quercetin Kaempferol
A 31.61+1.51? -3 23.66+0.44° 56.93+2.55¢ 47.20+0.23° -
B 31.93+£0.61° - 19.25+0.10° 68.43+2.03° 48.24+0.16 -
C 35.89+0.24% 18.16+0.21 - 73.87+1.74° 51.29+0.10° 0.69+0.70
D 32.7142.21° - - 64.36:1.99" 49.35+0.11° -
E 38.08+3.52° - - 68.78+4.69° 51.01+0.36° -
F 34.19+0.17" - - 59.66%1.09% 51.87+0.19° -
G 35.98+0.22% - - 56.6343.96° 47.35+0.17° -

USamples are the same as in Table 1.

?Values with different letters within the same column are significantly different at P<0.05. Values are expressed as the mean+SD.

Not detected.
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Table 5. The correlation coefficients between the antioxidant activities and the antioxidant contents of the Korean red grape juices

Variables TPC TFC TAC Gallic acid Catechin Quercetin
pprpH" 0.8942" 0.8375" 0.0948 0.6104 0.4500 0.4803
FRAP 0.9168" 0.7661" -0.0188 0.6362 0.2777 0.5136
ORAC 0.9195" 0.5733 -0.0182 0.5836 0.2764 0.4530

”Abbreviations**are the same as in Table 3.
Significant at P<0.0001.

Table 6. The correlation coefficients between the antioxidant capacities and the color values of the Korean red grape juices

DPPH"

Variables FRAP ORAC TPC TFC TAC Gallic acid Catechin  Quercetin
Color hue -0.8593" 093357 085307 -0.8362  -0.6042 02432  -0.5856 -02288  -0.7097
Color intensity 0.9046** 0.9478** 0.8606** 0.8434** 0.7524 -0.0387 0.6615 0.3382 0.7298*
Yellow —0.8665** -0.9220** —0.8658** -0.8355** -0.6261 0.2024 -0.5668 -0.2886 -0,7358**
Red 0.8642** 0.9168** 0.8483** 0,8224** 0.6575 -0.1605 0.5509 0.3118 0.7550
Blue 0.8417 0.9051 0.8906 0.8468 0.5015** -0.3307 0.5971 0.2028 0.6464
Hunter L -0.4906 -0.4273 -0.3244 -0.4019 -0.8055 -0.7426" -0.1915 -0.4208 -0.3722
Hunter a -0.1091M -0.1656M -0.3274 -0.1710* 0.0812M 0.2632 -0.6197 0.0606 -0.2568
Hunter b -0.7692 -0.8135 -0.6529 -0.7364 -0.8223 -0.3087 -0.4264 -0.2563 -0.6006
])Abbreviations* are the same as in Table 3.
Significant at P<0.001 and P<0.0001.
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