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Abstract

The purpose of this study was to develop sodium reduced foods for 10 representative high sodium foods often served in the food
service industry, and to conduct sensory evaluation on the foods. The foods are kimchi, cucumber salad, banquet noodle, seaweed
soup, ahuk soup, pork kimchi stew, red pepper paste pork chops, beef bulgogi, grilled mackerel and saury stew selected based on data
from the 2010 national health and nutrition examination survey. The sodium contents of chinese cabbage kimchi were 688.1 mg in the
control, 587.3 mg in the 15% reduced sodium sample group (level 1), and 486.5 mg in the 30% reduced sodium sample group (level
2). The corresponding sodium contents of cucumber salad were 406.4 mg, 345.5 mg, and 284.6 mg. The sodium contents of banquet
noodle were 1080.2 mg, 912.2 mg, and 765.8 mg, respectively. The sodium contents of seaweed soup were 459.4 mg, 392.1 mg, and
333.0 mg, respectively. The sodium contents of ahuk soup were 615.3 mg, 534.9 mg, and 434.4 mg respectively. The sodium contents
of pork kimchi stew were 1156.2 mg, 988.3 mg, and 820.2 mg respectively. The sodium contents of grilled mackerel were 624.6 mg,
557.4 mg, and 456.9 mg respectively. The sodium contents of red pepper paste pork chops were 723.7 mg, 615.0 mg, and 505.3 mg,
respectively. The sodium contents of beef bulgogi were 678.3 mg, 561.9 mg, and 473.3 mg, respectively. The sodium contents of saury
stew were 676.0 mg, 574.6 mg, and 470.9 mg respectively. Sensory evaluation was conducted with a total of 30 samples consisting of
10 control food groups, 15%, and 30% reduced sodium food groups. Results showed sodium reduction up to level 1 or 2 in chinese
cabbage kimchi, cucumber salad, pork kimchi stew, red pepper paste pork chops, beef bulgogi, grilled mackerel and saury stew.
However, the soups and noodles showed significant differences between the control and the 15% reduced sodium (level 1) food
groups, specifically in banquet noodle, seaweed soup, akhuk soup.
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Table 1, Nutrition analysis of the control and sodium reduced chinese cabbage kimchi, cucumber salad

Foods Main ingredient (one portion, unit; g) Nutrition analysis
Sodium reduced Sodium reduced
Control Control
Level 1 Level 2 Level 1 Level 2
Chinese Calorie (kcal) 18.4 18.4 18.4
cabbage Kimchi 60 Kimchi 60 Kimchi 60 CHO (g) 3.5 3.5 3.5
kimchi Daikon Daikon Daikon .
Garlic/Scallion Garlic/Scallion Garlic/Scallion Protein (g) 1.0 1.0 1.0
Salt 2 Salt 1.7 Salt 1.4 Fat (g) 0.7 0.7 0.7
Na (mg) 688.1 587.3 486.5
Cucumber 80 Cucumber 80 Cucumber 80 Calorie (kcal) 344 32 295
Onion 10 Onion 10 Onion 10 CHO (g) 7.3 6.8 6.3
Cucumber Carrot 5 Carrot 5 Carrot 5 Protein (g) 1.9 18 1.7
salad Garlic 1 Garlic 1 Garlic 1
Gochujang 5 Gochujang 4 Gochujang 3 Fat (g) 0.4 0.4 0.37
Soy sauce 2.5 Soy sauce 2 Soy sauce 1.5 Na (mg) 406.4 3455 284.6
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Table 2, Nutrition analysis of the control and sodium reduced banquet noodle, seaweed soup, afiuk soup, pork kimchi stew

Main ingredient (one portion, unit; g)

Nutrition analysis

Foods Sodium reduced Sodium reduced
Control Control
Level 1 Level 2 Level 1 Level 2
Noodle 60 Noodle 60 Noodle 60 Calorie (kcal) — 202.5 202.5 2012
Beef 10 Beef 10 Beef 10
Egg 15 Egg 15 Egg 15 CHO (g) 38.4 38.4 38.2
Banquet Zucchini 20 Zucchini 20 Zucchini 20 .
noodle Onion 10 Onion 10 Onion 10 Protein (g) 8.0 8.0 78
Scallion 5 Scallion 5 Scallion 5 Fat (g) 2.2 2.2 2.2
Soy sauce 5 Soy sauce 5 Soy sauce 2.5
Salt 1 Salt 0.5 Salt 0.5 Na (mg) 1080.2 9122 765.8
Calorie (kcal) 72.0 72.0 71.7
Dried seaweed 2 Dried seaweed 2 Dried seaweed 2 R
Seaweed Mussel 10 Mussel 10 Mussel 10 CHO (g) 3.0 3.0 29
Sesame oil 2.5 Sesame oil 2.5 Sesame oil 2.5 Protein (g) 6.3 6.3 6.3
soup
Soy sauce 3 Soy sauce 3 Soy sauce 2.5 Fat (g) 4.0 4.0 19.8
Salt 0.4 Salt 0.2 Salt 0.1
a a a Na (mg) 459.4 3921 333.0
Calorie (kcal) 33.7 30.5 26.5
CHO (g) 4.2 3.8 3.4
Ahuk 35 Ahuk 35 Ahuk 35
Ahuk Protei 3.2 3.0 2.6
Ukt soup Doenjang 15 Doenjang 13 Doenjang 10.5 rotein (g)
Fat (g) 0.9 0.8 0.7
Na (mg) 615.3 534.9 434.4
Calorie (kcal) 142.0 142.0 142.0
Pork 40 Pork 40 Pork 40 CHO (g) 4.0 4.0 4.0
Pork kimchi Bean curd 40 Bean curd 40 Bean curd 40 .
stew Kimchi 50 Kimchi 50 Kimchi 50 Protein (g) 12.2 22 122
Salt 2 Salt 1.5 Salt 1 Fat (g) 9.0 9.0 9.0
Na (mg) 1156.2 988.3 820.2
FHrA) E22) 25187 7] 3198 4] 45 (2015)
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Table 3. Nutrition analysis of the control and sodium reduced grilled mackerel, red pepper paste pork chops, beef bulgogi, saury

stew
Main ingredient (one person, unit; g) Nutrition analysis
Foods Sodium reduced Sodium reduced
Control Control
Level 1 Level 2 Level 1  Level 2
Calorie (kcal) 210.8 210.8 210.8
Mackerel 100 Mackerel 100 Mackerel 100 CHO (g) 0.1 0.1 0.1
Grilled Cooking oil 5 Cooking oil 5 Cooking oil 5 .
Prot 20.4 20.4 20.4
mackerel Soy sauce 2.5 Soy sauce 2.5 Soy sauce 2.5 rotein (2)
Salt 1.2 Salt 1 Salt 0.7 Fat (g) 134 134 134
Na (mg) 624.6 5574 456.9
Pork 100 Pork 100 Pork 100 Calorie (kcal) 310.7 305.9 303.1
Cabbage 45 Cabbage 45 Cabbage 45 CHO 11 102 0.7
Red pepper Onion 10 Onion 10 Onion 10 © ’ ’ ’
paste pork Carrot 10 Carrot 10 Carrot 10 Protein (g) 20.3 20.1 20
chops Scall.lon 5 Scall'lon 5 Scalll.on 5 Fat () 19.9 19.9 19.8
Gochujang 12 Gochujang 10 Gochujang 9
Soy sauce 5 Soy sauce 4 Soy sauce4 Na (mg) 723.7 615 505.3
Beef 120 Beef 120 Beef 120 Calorie (kcal) 277.5 276.4 275.6
Cabbage 35 Cabbage 35 Cabbage 35 CHO (g) 6.0 5.9 5.9
, Bok choy Bok choy Bok choy .
Beef bulgogi Onion 10 Onion 10 Onion 10 Protein (g) 25.1 249 24.8
Carrot 5 Carrot 5 Carrot 5 Fat (g) 15.9 15.8 15.8
Soy sauce 10 Soy sauce 8 Soy sauce 6.5 Na (mg) 678.3 561.9 4733
Saury 100 Saury 100 Saury 100 Calorie (kcal) 212.6 211.7 210.7
Daikon 50 Daikon 50 Daikon 50 CHO (g) 9.2 9.2 9.1
Saury stew Onion 10 Onion 10 Onion 10 Protein (g) 21.9 21.8 21.6
Scallion 3 Scallion 3 Scallion 3 Fat (g) 9.2 9.2 9.2
Soy sauce 10 Soy sauce 8.3 Soy sauce 6.5 Na (mg) 676.0 574.6 470.9
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Table 4, Sensory characteristics of chinese cabbage kimchi and cucumber salad

Sodium reduced

Foods Senso ropert Control F-value”
By Level 1" Level 2°

Greenish taste 6.70+2.88* 8.36+1.61° 9.14+2.46° 5.801"

Salty flavor 8.66+£3.37° 7.13£2.13% 5.80+3.15° 5.012"
Salty taste 9.90+1.96° 6.74+2.57 5.30+4.10° 12.778"™

Chinese cabbage Hot taste 8.6042.75 8.5742.42 8.11+3.38 0.188™
kimchi Sour taste 474337 22941117 2.1241.59° 8.957"
Palatable taste 6.83£2.67° 5.69+2.04° 3.49+2.30° 11.000™"
Crisp degree 7.60+1.74° 9.86+1.10° 10.30+1.52° 20.046""

Dark degree 7.68+1.78" 11.49+1.28° 4.13+1.94° 99.617""

Greenish taste 8.97+2.06 9.1242.04 9.00+1.92 0.036™

Salty flavor 8.56+2.26 8.59+2.03 8.0442.72 0.364™

Hot flavor 8.07+2.54 7.9542.39 7.9842.59 0.012™

Cucumber Salty taste 8.69+2.45 8.7242.37 7.1122.60 2.437™
salad Hot taste 8.97+2 .43 9.09+2.68 8.92+2.90 0.022"™
Palatable taste 8.39£1.58" 7.76£1.40° 6.83+2.04° 4.491"

Chewiness 9.08+1.98 9.22+1.61 9.52+1.88 0.320™

Dark degree 9.24+1.42° 7.51+1.26" 6.69+2.51° 10.827"

D 15% reduced salt (level 1)
? 30% reduced salt (level 2)
) #p<0.05, **p<0.01, ***p<0.001, NS: Not Significant in F-value

Y The same superscripts in a row are not significantly different each other at p<0.05 level by the Duncan's multiple range test.
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Table 5, Sensory characteristics of banquet noodle, seaweed soup, afuk soup, pork and kimchi stew

?4_1:& SolRxo] 9242 7P &2 #h& Holn 158 ESAAANY JEFS GAEE A3} 3o A7
QolFH 751 H 20 A 2053 6.699+= AHE AAIGE A= Table 59 2tk ZX|=59] 13
= Yk AX]=Z7) 8.85%E VP =2 g BHYlon 14

Sodium reduced

Foods Sensory prope Control F-value”
¥y property Level 1" Level 2?

Soy sauce flavor 8.85+1.87" 6.77+2.39" 7.62+2.45" 4531

Off flavor 9.44+1.99 7.69+2.29™ 8.4442.43" 3.227°
Salty taste 10.40+1.97 6.80+2.36" 6.9242.66" 15867

Banquet noodle Flour taste 8.00+2.19 7.96+2.13 8.22+1.89 0.096™
Palatable taste 6.94+2.40" 5.74+2.15" 5.18+1.75 3.772°

Glutinous degree 5.17+2.04° 5.00£2.08" 3.94+1.16" 2.865
Dark degree 9.3241.62° 7.20+2.03 3.26+1.74° 60.905""

Seaweed flavor 8.26+1.87 8.84+1.53 8.04+1.59 1.279™

Savory flavor 8.59+1.91 8.87£1.57 8.20+2.33 0.621™

Off flavor 9.35+2.44" 9.07+1.88" 7.08+2.60" 59527
Seaweed soup Salty taste 9.60+1.76° 8.02+1.41° 4.15+1.91° 56.766
Seaweed taste 8.48+2.22° 7.82+1.25 6.18+2.60" 6.699"
Savory taste 8.8242.18" 8.39+1.88" 5.5143.13" 113217

Dark degree 6.50+1.93 8.02+2.29 7.48+1.85 3.025™

Ahuk flavor 9.40+1.82 9.26+1.63 9.07+1.59 0.207"™

Savory flavor 8.71+1.41 8.76%1.13 7.92+1.35 2.759"™

Off flavor 8.19+1.65 8.16+1.39 8.60:£1.65 0.522"
Ahuk soup Salty taste 10.10+1.41° 8.90+1.46" 8.18+1.08" 78.069""
Savory taste 8.45+1.30 8.13+0.98" 5.97+1.90° 18.222°"

Ahuk taste 9.02+1.13 8.97+1.41 8.65+2.46 0.273"™
Dark degree 8.76+1.56° 7.27+1.94° 4.03+1.52° 43.104

Savory flavor 7.90+1.54 7.86+1.08 7.62+1.39 0.249™

Hot flavor 8.17+1.60™ 8.46+1.82° 7.87+1.32° 3.189°

Pork kimchi Off flavor 5.48+2.56 5.2542.21 5.27+2.30 0.062"
Salty taste 9.79+1.80" 9.14+1.28" 6.86+1.44" 213797

stew Savory taste 7.03+1.02 7.20£1.05 6.53£1.45 1.777"
Bean curd texture 7.47+1.17 7.45+1.34 7.55+1.29 0.034™
Dark degree 8.04+1.08° 10.18+1.08° 5.02+1.47° 76.873""

D 15% reduced salt (level 1)
2 30% reduced salt (level 2)
D #p<0.05, **p<0.01, ***p<0.001, NS: Not Significant in F-value

¥ The same superscripts in a row are not significantly different each other at p<0.05 level by the Duncan's multiple range test.
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Table 6, Sensory characteristics of grilled mackerel, red pepper paste pork chops, beef bugogi and saury stew

Sodium reduced

Sensory property Control Level 17 Level 22 F-value”

Savory flavor 9.68+1.29" 9.39+1.80" 8.32+1.92° 3.749"

Off flavor 7.78+1.37 7.34+0.96 8.27+1.89 2.134™

Salty taste 8.56+1.68° 8.2542.02° 5.7542.07° 13.294™

Grilled mackerel Savory taste 8.30+£1.37° 8.51+1.50" 6.75+2.10" 6.858"
Fishy odor 8.59+0.97" 8.18+1.95° 9.58+1.96" 3.797

Texture 8.38+1.59° 8.40+1.71° 9.46+1.27° 3.398"

Dark degree 10.54+1.47° 8.14+1.96" 6.70+2.20" 21.987"

Hot foavor 7.111.80 7.71£1.39 7.25+1.40 0.855™

Off flavor 8.36+1.50 8.65+1.41 8.42+1.40 0.244™

Salty taste 7.66+1.27° 7.43+1.23° 6.37+1.23" 6.492"

Red pepper Sweet taste 8.08+1.25" 9.03+1.40° 7.70+1.51° 5.1187
paste pork chops Hot taste 7.12+1.64 7.16£1.45 6.72+1.55 0.510™
Savory taste 8.03+1.40 7.90+£1.68 7.69+1.45 0.271™

Texture 8.28+1.29 7.82+1.32 8.34+1.28 1.000™

Dark degree 8.38+1.48" 8.40+0.93" 5.57+1.45" 32.528™

Soy sauce flavor 9.59+2.02 9.83+1.69 8.84+2.33 1373"

Off flavor 9.48+1.79 9.57+1.67 9.20+1.67 0.278™

Salty taste 8.66+1.96 8.35+1.96 7.47+1.82 2.207™

Beef bulgogi Sweet taste 8.76+1.81" 8.82+1.89" 7.24+2.10° 4512"
Savory taste 8.63+£1.82 8.59+2.00 7.40+1.99 2.724™

Texture 9.40+2.35 9.56+2.07 9.66+2.27 0.074™

Dark degree 7.49+1.67° 9.42+1.96 7.0142.04° 9.516

Soy sauce flavor 9.19+1.32° 9.00+1.41° 7.94+1.32° 5219”7

Off flavor 9.90+1.67 10.32+1.53 9.78+1.70 0.649™

Salty taste 7.97+1.96 7.40+2.09 6.67+2.37 1.937"

Sweet taste 7.73£1.79 6.90+1.83 6.61£1.95 2.045™

saury stew Hot taste 7.18+1.99 6.51£2.18 6.70+2.07 0.564™
Savory taste 7.96+1.78 7.26+2.32 7.48+1.91 0.661™

Fishy odor 8.81+1.25 8.65+2.12 8.93+1.34 0.160™

Texture 8.17+2.06 7.90+1.52 8.61+1.43 0.963™
Dark degree 9.1141.95° 7.77+1.08" 7.45+2.22° 25.798""

D 15% reduced salt (level 1)
? 30% reduced salt (level 2)

3 *p<0.05, **p<0.01, ***p<0.001, NS: Not Significant in F-value

Y The same superscripts in a row are not significantly different each other at p<0.05 level by the Duncan's multiple range test.
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