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Abstract

Effect of additive on color reversion of green tea extract, whose undesirable color had been removed by irradiation,
was studied during storage. Hunter color L-value of irradiated sample was significantly higher than that of
nonirradiated control. The color of green tea extract with butylated hydroxyanisole (BHA) did not differ from
that of the control but the green tea extract with ascorbic acid had higher L—value than the control during the
whole storage (p<0.05). However, the sample irradiated at 20 kGy showed a faster color reversion than the
sample with 5 or 10 kGy of irradiation. Hunter color a-values were decreased by irradiation and the sample
with ascorbic acid showed the lowest. The result of Hunter color b-value was also similar to that of Hunter
color a-value, indicating that when the irradiation technology is used for color improvement of green tea extract,
the ascorbic acid can be added to minimize color reversion of the extract during delivery or storage.
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Table 1. Changes in Hunter color L-value of green tea extract irradiated before or after addition of BHA or ascorbic acid

" Irradiation Storage period (week)

Sample dose (kGy) 0 1 2 3 4 SEM
0 66.5™ 64.0° 62.8°" 61.7°" 61.9% 0.02
5 79.1% 73.3% 71.6% 70.4% 70.7d% 0.01
Control 10 82.1% 745 73.6% 73.6% 75.6% 0.01
20 82.7" 71.6™ 69.55 68.6™ 64.3% 0.01

SEM? 0.02 0.01 0.01 0.02 0.01
0 68.7°% 64.3%" 62,5 60.4°% 60.0°% 0.01
5 80.2* 72.1% 69.7% 67.5% 67.3% 0.01
IR-BHA 10 83.4% 72.3% 69.6 67.19 66.8% 0.01
20 83.7 70.0™ 67.3% 65.0% 64.9% 0.01

SEM 0.01 0.004 0.005 0.01 0.01
0 66.4°" 63.6™ 62.2°% 60.3% 60.3*" 0.02
5 78.6™ 715 69.4% 67.1% 66.8% 0.01
BHA-IR 10 83.4% 725" 69.7% 67.0% 66.6 0.01
20 85.3% 69.9° 66.8° 63.9% 63.6% 0.01

SEM 0.01 0.02 0.01 0.01 0.01
0 72.8%% 749 74.5% 73.1°% 72.8% 0.02
5 85,67 83.8> 822 80.0% 79.8% 0.01
IR-AA 10 90.9% 87.3™ 855 82.4% 81.9% 0.01
20 91 5% 87.7" 855 82.3% 81.4% 0.01

SEM 0.01 0.01 0.01 0.01 0.01
0 73.1% 752%™ 747" 73.0% 71.9° 0.01
5 85.1% 83.9 822 79.6% 78.2% 0.01
AA-IR 10 88.4% 86.5% 8457 81.7% 80.7 0.01
20 89.7* 87.1% 84.8% 815% 79.2¢ 0.01

SEM 0.01 0.01 0.01 0.01 0.01

UControl, no antioxidant was added; IR-BHA, the extract was irradiated before BHA was added; BHA-IR, the extract was irradiated
after BHA was added; IR-AA, the extract was irradiated before ascorbic acid; AA-IR, the extract was irradiated after ascorbic

acid was added.
YSEM: Pooled standard error of the mean.

# *“Means in the same row with different letters differ significantly (p<0.05).
¥ *Means in the same column with different letters differ significantly (p<0.05).
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Tabe 2. Changes in Hunter color a-value of green tea extract irradiated before or after addition of BHA or ascorbic acid

Storage period (week)

I Irradiation

Sample dose (kGy) 0 1 2 3 4 SEM
0 21.3% 26.0% 27.5% 27.2% 27.7% 0.04
5 85¥ 17.0% 195 197 20.8™ 0.01
Control 10 5.6~ 159" 17.4* 16.5™ 158" 0.01
20 5.1% 19.2% 22.1% 22.0% 30.9* 0.01

SEM? 0.03 0.01 0.02 0.03 0.01
0 20.3% 27.9% 30.4% 317" 33.1% 0.02
5 81% 20.2% 23.7 2527 26.8" 0.01
IR-BHA 10 5.0% 20.2% 24 5% 26.3% 28.1% 0.01

20 5.0% 22.8% 27.1% 28 4% 30.0% 0.004

SEM 0.01 0.01 0.01 0.02 0.02
0 23.5% 28.9% 31.0% 31.8” 33.1% 0.04
5 11.2¢ 21.5% 24.7° 26.4°" 283" 0.01
BHA-IR 10 5.1% 20.9% 25.1 27.3% 29.4* 0.01
20 3.4 24.1% 28.7% 31.0% 3297 0.01

SEM 0.02 0.03 0.01 0.02 0.01
0 15.6% 146% 15.6 16.3 18.0* 0.06
5 1.8% 51% 7.4% 9.9 11.0% 0.01
IR-AA 10 -3.9% 1.7% 4.7* 7.1 9.3™ 0.01
20 -4.4™ 1.7* 5.0°% 76> 10.2= 0.01

SEM 0.03 0.03 0.04 0.03 0.01
0 13.7 13.8* 15.2% 16.1% 18.9* 0.03
5 06% 4.4% 7.4% 9.6% 12.9% 0.01
AA-IR 10 -2.7°% 2.0% 53 7.9 10.7° 0.01
20 -35 2.4% 6.0~ 3.8 13.1% 0.01

SEM 0.01 0.02 0.02 0.01 0.01

YControl, no antioxidant was added; IR-BHA, the extract was irradiated before BHA was added; BHA-IR, the extract was irradiated
after BHA was added; IR-AA, the extract was irradiated before ascorbic acid; AA-IR, the extract was irradiated after ascorbic

acid was added.
YSEM: Pooled standard error of the mean.

#*Means in the same row with different letters differ significantly (p<0.05).
"?Means in the same column with different letters differ significantly (p<0.05).
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Table 3. Change in Hunter color b-value of green tea extract irradiated before or after addition of BHA or ascorbic acid

1 Irradiation Storage period (week)

Sample dose (kGy) 0 1 2 3 4 SEM
0 92.3% 86.9% 81.4% 74.2% 71.6% 0.03
5 66.5% 61.8™ 5957 53.6% 53.1% 0.06
Control 10 49.4* 47207 42.2°% 34.0%% 29,6 0.01
20 47.0° 51.8% 51.9% 46.7* 79.9* 0.02

SEM? 0.02 0.01 0.02 0.07 0.03
0 99.1* 98.6™ 97.4% 95.0% 94.0% 0.03
5 77.8% 83.1% 835% 80.4% 78.8% 0.02
[R-BHA 10 56.0° 70.9% 765 76.6™ 76.8% 0.01
20 50.3°% 67.1%% 72.9°% 716 72.4°% 0.01

SEM 0.01 0.01 0.02 0.02 0.03
0 98.5% 98.6™ 97.5 94.9% 94.8" 0.05
5 835% 88.2% 89.3¥ 88.9™ 90.1% 0.02
BHA-IR 10 57.2% 73.4% 78.0%% 80.2> 82.7% 0.02
20 50.0°" 69.6%% 75.2°" 77.8°" 80.6™ 0.02

SEM 0.03 0.03 0.03 0.03 0.03
0 98.1* 98.0* 97.4" 96.5% 975 0.02
5 79.1% 79.0% 78.2 77.5% 77.4% 0.01
IR-AA 10 57.3% 58.7% 62.1% 63.2° 66.5™ 0.01
20 5157 53.8™ 56.9°% 595 63.8% 0.01

SEM 0.02 0.02 0.01 0.02 0.02
0 97.0* 97.5™ 97.2% 96.67 97.7% 0.03
5 79.3% 80.3% 82.0 83.2" 86.3% 0.01
AA-IR 10 63.4% 65.4% 68.3 71.1% 75.4% 0.01
20 55.8°% 58.4% 62.0°™ 5.6 72.0°% 0.01

SEM 0.02 0.02 0.01 0.01 0.02

UControl, no antioxidant was added; IR-BHA, the extract was irradiated before BHA was added; BHA-IR, the extract was irradiated
after BHA was added; IR-AA, the extract was irradiated before ascorbic acid; AA-IR, the extract was irradiated after ascorbic

acid was added.
YSEM: Pooled standard error of the mean.

? °Means in the same row with different letters differ significantly (p<0.05).
*?Means in the same column with different letters differ significantly (p<0.05).

Table 4. F-value and probability (Pr>F) of main effect
comparison on Hunter color L, a, and b-value of green tea
extract irradiated before or after addition of BHA or ascor-
bic acid

L-value a-value b-value
Comparison
Fopsr B por o poor
value value value
Control vs” 12.950.0004 544 0.0204 79.56 0.0001
Treatment :
BHA vs AA 138.98 0.0001 150.24 0.0001 43.79 0.0001

6.54 0.0017 2.890.0571 41.19 0.0001

Addition before vs
after irradiation

UControl, no antioxidant was added. Treatment, butylated hy-
droxyanisol (BHA) or ascorbic acid (AA) were added.
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