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Abstract

In this study, liquid calcium was used to develop a calcium-fortified soy sauce-based seasoning for meat
and the quality characteristics of the seasoning and cooked meat were investigated. All seasonings with different
amount of liquid calcium (0, 2, 4, or 8%) showed no significant changes in pH and titratable acidity at 4°C
for 9 days; however, the control seasoning and seasoning with 2% liquid calcium (Ca-2%) showed significant
decreases in pH and increases in titratable acidity during storage at 20°C for 9 days, compared to the seasoning
with 4% (Ca-4%) and 8% (Ca-8%) liquid calcium. We also observed that during storage at 20°C, the numbers
of total aerobic bacteria, lactic acid bacteria, and yeast were significantly lower in Ca-4% and Ca-8% seasoning
compared to the control or Ca-2%. The calcium contents in cooked meat seasoned with the control, Ca-29%,
Ca-4%, or Ca-8% were 2.16, 33.47, 54.72, and 58.23 mg/100 g, respectively. Sensory evaluations demonstrated
no significant differences in flavor, taste, juiciness, texture, and overall acceptability between the cooked meat
samples. These results suggest that soy sauce seasoning supplemented with liquid calcium (2~8%) effectively
increases the calcium content in cooked meat without adversely affecting its taste, flavor, and juiciness. Thus,
this type of calcium-fortified seasoning may be helpful in combating the lack of calcium in modern diets.
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Table 1. Ingredients for Galbi seasoning added with liquid
calcium (unit: %)

Control Added liquid calcium group

Ingredient group Ca2% Cad% Ca 8%
Soy sauce 15.80 15.80 15.80 15.80
Sugar 8.00 8.00 8.00 8.00
Isomaltooligosaccharides  6.23 6.23 6.23 6.23
Liquid calcium 0.00 2.00 4.00 8.00
Sesame oil 3.10 3.10 3.10 3.10
Garlic 6.50 6.50 6.50 6.50
Ginger 1.00 1.00 1.00 1.00
Onion 9.60 9.60 9.60 9.60
Spring onion 8.00 8.00 8.00 8.00
Pear 15.20 15.20 15.20 15.20
Pepper 0.50 0.50 0.50 0.50
Salt 0.10 0.10 0.10 0.10
Seasoning 2.00 2.00 2.00 2.00
Water 2397 2197 19.97 15.97
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Fig. 1. Changes in pH of Galbi seasoning added with liquid
calcium during storage at different temperatures (top: 4°C,
bottom: 20°C). Different superscripts at the same storage day
indicate significant differences between groups at p<0.05 by Dun-—
can’s multiple comparison test.
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Fig. 2. Changes in titratable acidity (%) of Galbi seasoning
added with liquid calcium during storage at different temper-—
atures (top: 4°C, bottom: 20°C). Different superscripts at the
same storage day indicate significant differences between groups
at p<0.05 by Duncan’s multiple comparison test.
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Fig. 4. Growth of lactic acid bacteria in Galbi seasoning add-

ed with liquid calcium during storage at different temper-
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Table 2. Changes in Hunter color L, a and b values of Galbi seasoning added with liquid calcium during storage at 4°C

Sample L a b
0 day 9 day 0 day 9 day 0 day 9 day
Control 33.35+0.21 35.30+0.14 4.05+0.07° 3.90+0.14 13.40+0.71° 15.35+0.35
Liquid calcium 2% 30.95+0.21 34.95+0.21 3.30+0.14" 3.95+0.07 11.15+0.35" 15.05+0.07
4% 34.80+0.14 35.65+0.21 3.45+0.49" 3.85+0.07 12.55+0.21* 14.85+0.07
8% 35.12+0.29 33.70+0.28 3.48+0.21* 3.70+0.14 12.80+0.49" 14.05+0.07

Different superscripts in the same column indicate significant differences between groups at p<0.05 by Duncan’s multiple comparison

test.

Table 3. Changes in Hunter color L, a and b values of Galbi seasoning added with liquid calcium during storage at 20°C

Sample L a b
0 day 9 day 0 day 9 day 0 day 9 day
Control 34.00+0.14 35.55+0.07 4.30+0.14 4.50+0.00 14.10+0.14 16.35+0.07
Liquid calcium 2% 31.75+0.21 34.60+0.28 3.55+0.07" 4.30+0.14 12.10£0.14* 15.45+0.35
4% 33.00+0.00 34.95+0.07 3.65+0.07" 470+0.21 13.35+0.21" 15.75+0.07
8% 34.45+0.07 34.50+0.28 3.72+0.28" 4.80+0.14 12.72+0.07* 15.20+0.42

Different superscripts in the same column indicate significant differences between groups at p<0.05 by Duncan’s multiple comparison

test.
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Table 4. Sensory scores of cooked pork seasoned with Galbi seasoning added with liquid calcium

< e Overall
Sample Appearance Flavor Taste Juiciness Texture acceptability
Control 3.07+0.45% 3.21+0.81 3.25+0.69 3.44+0.73 3.29+0.27 3.29+0.64
Liquid calcium 2% 3.00+£0.53" 3.11+£055 3.36+0.69 3.13+0.52 3.13+0.64 3.39+0.65
4% 2924058 3.00+0.29 2.92+0.49 2.83+0.52 3.14+0.38 3.08+0.49
8% 3.63+0.69" 3.14+0.75 3.33+0.61 3.43+0.45 3.60+0.22 3.64+0.69

Different superscripts in the same column indicate significant differences between groups at p<0.05 by Duncan’s multiple comparison

test.
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