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With the goal of developing a new functional fermentation milk using green tea powder (GP), milk was fermented
with direct vat set (DVS) starter culture containing Streptococcus salivarius subsp. thermophilus, Lactobacillus
paracasei and L. delbrueckii subsp. bulgaricus. We investigated fermentation characteristics and antioxidative activities
of fermented milk supplemented with different concentrations (0.5, 1, 2, 3%) of GP. All samples were evaluated
for pH, total acidity, viable cell count, and sugar contents. The pH of all samples decreased during fermentation,
and the final pH ranged from 4.35 to 4.51. The acidity increased during fermentation, after the fermentation was
completed, the titratable acidity was 0.8 to 1.1%. And viable cell count of all samples increased during fermentation,
and the final viable cell count was 8.57 to 8.89 log CFU/mL. The sugar content decreased as the fermentation
proceeded and finally reached 12 to 13 °Brix. And increasing GP, decreased brightness and increased yellowness.
Increasing GP concentration added to milk, improved DPPH free radical scavenging activity and ferric ion reducing
activity of fermentation milk. The fermentation milk kept their pH, total acidity and viable cell counts standard
of fermentation milk during the storage period at 4°C. These findings confirmed the possibility of development
of the novel functional fermentation milk through the investigation of the quality characteristics of the fermentation
milk added with GP.
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salivarius subsp. thermophilus®} Lactobacillus paracasei,
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Table 1. Mixing ratio of yogurt with different ratio of green tea
powder

Green tea powder content (%, wfw)

Ingredient (g) 0 05 1 2 3
Milk 360 385 356 332 348

Skim milk powder 16 16 16 16 16
Sugar 12 12 12 12 12

Green tea powder 0 2 4 8 12
Bulk starter” 12 12 12 12 12
Total 400 400 400 400 400

Ut is mixture of Streprococcus salivarius subsp. thermophilus, Lactobacillus paracasei
and Lactobacillus delbrueckii subsp. bulgaricus.
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Fig. 1. Changes in the pH and titratable acidity (TA) during lactic acid
fermentation of fermented milk with different green tea powder.

@, fermented milk without green tea powder; I, fermented milk with 0.5% green
tea powder; A, fermented milk with 1% green tea powder; O, fermented milk with
2% green tea powder; [, fermented milk with 3% green tea powder.

All the data were expressed as meantSD (n=3).
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Fig. 2. Changes in the viable cell count and sugar content during lactic
acid fermentation of fermented milk with different green tea powder.

@, fermented milk without green tea powder; M, fermented milk with 0.5% green
tea powder; A, fermented milk with 1% green tea powder; O, fermented milk with
2% green tea powder; [, fermented milk with 3% green tea powder.

All the data were expressed as meantSD (n=3).
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Table 2. Hunter’s color values of the fermented milk with different amount of green tea powder
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Fig. 3. Total phenolic compound contents of the fermented milk with
different green tea powder.
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All the data were expressed as meantSD (n=3).
Different letters above the bars indicate significantly different (p<0.05).

Amount of green tea powder content (%)

Color value” fermentation
0 0.5 1 2 3
Before 69.59+0.037 68.110.02° 67.07+0,02° 65.88+0.05 64.69+0.20°
L After 71.9120.02° 66.2520.04° 64.0440,03° 62.23+0.03° 60.58+0.05°
Before 2.01:0,00° 3,08+0.01° -3.8540.01° -4.8240.01° -5.360.01°
a After 2.06+0.01° 2.25+0.00° 2.63+0.00° 3,0440,01° -340£0.01°
Before 2.19+0,01° 5.96+0.01° 8.87+0.00° 11.080.02° 12.470.08"
b After 4.37+0.00° 8.08+0.00" 9.83+0,01° 11.29:0.01° 12.54+0.01°
L lightness; a, redness; b, yellowness.
The values were expressed as meantSD (n=10).
IDifferent letters within the same row indicate significant difference (p<0.05).
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Fig. 4. DPPH free radical scavenging activity and ferric ion reducing
antioxidant power of the fermented milk with different green tea
powder.

¥4, Control(ascorbic acid 100 ppm); [, fermented milk before the fermentation, H,
fermented milk after the fermentation during 12 h.

All the data were expressed as meantSD (n=3).

Different letters above the bars indicate significantly different (p<0.05).
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Fig. 5. Changes in the pH, titratable acidity (TA) and viable cell count
during fermentation of fermented milk with different green tea powder.

@, fermented milk without green tea powder; M, fermented milk with 0.5% green
tea powder; A, fermented milk with 1% green tea powder; O, fermented milk with
2% green tea powder; [, fermented milk with 3% green tea powder.

All the data were expressed as meantSD (n=3).

Different letters above the bars indicate significantly different (p<0.05).
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Green tea powder

Storage period (day)

content (%) " e’ 0 5 10 15 20 25 30
L 71.91£0.02°% 80.89001°  8191:002"  79.91:001° 77.90£0.00° 7592003 77912005
0 a 2.06£0.02° -1.520017 0.84£001° -0.19£0.02° -0.2£0,00° -0.05£0.02° 0.02£0.02*
b 4.37£0,02° 7.04£0.01° 7.112001° 7.57£0.02° 8.310.00° 8.4520.02° 8.8120.00*
L 66.25£0.04* 63741001 63.24£0.02° 63.1310.01° 62.78+0.04% 62331004 622580.03°
05 a 225:0,02° -0.860.00° 0.020.04° 0.42:0.00° 0.88+0,02° 1.16:0.01° 1.25:0.00*
b 8.80£0.02° 11.79£0,02° 12032001 13.24£0,00° 14.01£0.02° 14.08+0.00° 14.58+0.02*
L 64.0410,03% 65.76:0.04* 64.03£0.00° 63.9410,01° 62.53£0.00° 61.541001°  60.10£0.01°
1 a 2.63+0.02° 0.6+0.04% 0.53:001" 1.05+0.03° 1.18+0.04° 136:0.00° 153+003"
b 9.83£0.00° 12.17£001° 12.99£0,00° 13.46£0.00° 14.77:0.03° 15.0:0.02° 15.780.00*
L 62231003 64.48:0.04* 59.2240.00° 57.11£0.00° 56541002 56.53£004"  5525:003°
2 a -3,0420,00° 0712001 1142005 1.26+0.08" 1.40£0.03 1.530.02° 169003
b 11.29+0.00° 12.880,02° 13.020.03" 14.020.00° 1495:0.01° 1602:001°  1645:0.00°
L 60.5810.00° 61.67+0,02* 57.800,04 56.5410,01" 55012001 5456:002°  53.90:002°
3 a -3.42001° 0.85£0.01° 1.26:0.00° 1.3810,02° 1.540,05° 1.73:0.01° 1.89:0,05*
b 12.5420,04° 13.03£0,00° 13.89:0,01 14.99:0,03 15.2420,00° 16.3320.02° 16.88+0.04*

L lightness; a, redness; b, yellowness.

The values were expressed as meantSD (n=10).
IDifferent letters within the same row indicate significant difference (p<0.05).
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Quality characteristics, antioxidant activity and storage properties of fermented milk added with green tea powder
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