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Abstract

Saltwort (Salicornia herbacea L.), as a natural additive for regulating Mul-kimchi fermentation, was assessed
for physicochemical and sensory characteristics of Yulmoo Mul-kimchi during storage. Saltwort in the form
powder was directly added to the Yulmoo Mul-kimchi preparation at 0 (control), 1, 3, 5, and 7% (w/v) per weight
of salt to evaluate their physicochemical, sensory, and microbiological characteristics in storage at 10°C for 30
days. The pH values of all treatments were high, indicating a less acidic environment in all treatments compared
to those of the control sample throughout the preservation period. Total acidity increased with storage time
as is usually seen with normal Aimchi fermentations, whereas the increases were more gradual in the 3 and
5% treatments. The increases in total vitamin C continued until days 6 (control) to 13 (7%), and were different
according to the amount of added saltwort and then they decreased after each peak. The fluctuation in reducing
sugars followed a similar trends of total vitamin C content by showing an initial increase, followed by a decrease
based on the saltwort concentration and storage day. The 5% treatment was most effective for suppressing
the increase in turbidity among all treatments. The 3 and 5% treatments showed the highest lactic acid bacteria
counts during the entire preservation period. In the sensory evaluation results, adding saltwort at more than
3% concentration attained an overall higher scores of acceptability with respect to color, smell, taste, fresh
taste, sour taste, crisp, and overall acceptability characteristics. In conclusion, adding saltwort, particularly at
concentrations of 3 and 5% extended the preservation period of Yulmoo Mul-kimchi by retarding fermentation

effectively.
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Table 1. Recipe for the preparation of Yulmoo Mul-kimchi

Saltwort (%)

Ingredients

0 1 3 5 7
Yulmod” (g) 500 500 500 500 500
Water (mL) 1000 1000 1000 1000 1000
Green onion (g) 30 30 30 30 30
Garlic (g) 30 30 30 30 30
Ginger (g) 45 45 45 45 45
Red pepper (g) 20 20 20 20 20
Wheat flour paste (g) 300 300 300 300 300
Salt (g) 273 270 265 259 254
Saltwort (g) 0 0.3 0.8 14 19

YBased on salted Yulmoo (stem 300 g+leaf 200 g).
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Fig. 1. Changes in pH of Yulmoo Mul-kimchi prepared with

different levels of saltwort during fermentation at 10°C for

30 days.
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Fig. 2. Changes in total acidity of Yulmoo Mul-kimchi pre—

pared with different levels of saltwort during fermentation
at 10°C for 30 days.



£ 199 ol FREE 5% Ael st & Aol F HolA
53] 5% A7 o el el vs) shaehA Favel 2
Hshe e ¢ 5 Afleh WETe) vs) FREY A
o) B Bl i3k, 6 ol P48 AL 2 A

Ku %—(31)—: D 9Jr #"L% Q3 A AqZA

e

A T el e A4 ALsT vEY] Wes

Qlate] Fo AFo] FallHar T3 AFAe] o]FoA oy
5

710l WEelAL 2 Sl AUT s F
o olel @ f71ve] Aol

o
S o] W Sk o

/‘1/‘1 3] ‘%O}ﬁﬂl HJ%H TR o] A7E 57 }0}3‘15}. o]y

§ Avke BE Fol AHHE FIAFE FHOEA 1
A Gt e A7) GEA o] F Be F FEE 5
50| % pHELe ol @) o|3h2 WolA|A| ot WE F7]
st w7 Apelel plgkel 2 WS g, el B}
o pHETHE F4bo] jdte] AAsE Aoleta Lol 9l
o},

AR 0l BHE A AT B AN As
WA £k Jeka shgom, AXe) WA Fol AYEE
ks sl A006E AToRA HuT 4 44
& mol 498 AAAA FE DI} doka Yk B
AFARNE FE FolUE BH) GYOE FEE
T Ahgol FAEGE Re BAS fAS BEE A

NA & Aew AztET

Jarw 1S eYstel ge 9Y 294 289
HIEFE C WSk Fig 39 20 93 4% 2 wgE ok
2 apolg molx ghgkor} Frpwel Hrhwol F7a%
= % wg Cof Yol Eqth A% BYR ) Wast 2
Bgol et F UEY C FFL WA F7hse] Age

0 5 10 15 20 25 30
Fermentation period (days)
Fig. 3. Changes in total vitamin C of Yulmoo Mul-kimchi

prepared with different levels of saltwort during fermenta—
tion at 10°C for 30 days.
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Fig. 7. Changes in lactic acid bacterial counts of Yulmoo
Mul-kimchi prepared with different levels of saltwort during
fermentation at 10°C for 30 days.
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Table 2. Sensory evaluation results of Yulmoo Mul-kimchi prepared with different levels of saltwort during fermentation
at 10°C for 30 days

Sensory D Saltwort (%)
characteristics ays 0 1 3 5 7

0 7.3+0.7Y 75+0.6° 7.0+05" 6.2+0.6" 53+0.6°

2 7.6+05 74405 72+0.3° 6.3+0.8" 50+1.1¢

4 6.6+0.4° 7.3+0.4% 7.1+05° 6.5%0.9° 52+1.0°

6 6.4+0.4" 7.2+0.6 7.0+09° 6.8+0.8° 57+1.0°

8 6.7+0.8" 6.9+05% 7.3+0.8" 65+1.0™ 6.0+1.0°
Color 11 53+1.0° 6.0+0.8" 65+0.5" 58+05™ 55+05™
13 56+06° 58+0.9" 6.4+0.7° 6.0+0.6™ 56+1.0°

16 48+06° 55+0.7™ 6.3+0.6" 59+0.7% 51+1.0°
19 45+06° 53+0.6™ 63+0.8" 58+1.3" 55+1.3"

22 48+0.8° 59+0.8° 6.0+0.6" 55+05" 5.1+0.7"

25 42408 56+0.7 58+0.6° 5.7+0.6° 48+06°

30 44+0.7° 51+09" 55+1.0° 54+0.4° 47406

0 6.6+0.7" 6.4+1.1° 6.3+0.8" 55+0.8" 50+06"

2 6.74+0.7° 6.840.6° 65+0.9° 52408 55+1.0°

4 7.0+0.8° 7.4+05° 6.8+0.6" 6.4+0.9% 57+1.0°

6 7.6+0.7° 7.24+0.6% 6.6+1.1% 6.2+0.8° 51+1.1°

8 7.0+0.9° 74405 73+1.0° 7.040.8° 55+1.0°

Smell 1 6.3+0.8" 6.24+0.9" 75+0.9" 6.7+0.6" 6.8+0.7°

me 13 6.4+09 65+1.2 70+0.8 6.8+1.2 6.4+0.7
16 6.0+£1.0" 6.6+0.4° 6.4+05 6.4+0.8 56+1.0°

19 59+1.1° 6.3+0.6™ 6.8+0.8" 63117 57+09°

22 5.0+0.7° 53+0.6> 6.3+0.6" 5.7+0.8" 47408

2% 52+1.0° 48+1.1" 6.0+05" 5.4+0.8% 42+06°

30 46+0.7% 50+06™ 57+1.0° 53+0.6% 41+08"

0 48+0.9" 5.0+0.8° 46+1.2% 4.0+1.0% 3.6+0.7°

2 57+1.2° 55+1.4° 53+1.0° 43+06° 41407

4 6.2+0.6" 6.0+0.7° 58+1.3% 54+1.0° 4.4+04°

6 7.0+0.6 6.8+0.8° 65+0.7" 6.3+1.0% 59+11°

8 65+05° 7.240.7° 7.0%0.6° 6.841.0° 57+12°

Taste 1 6.1+1.0° 6.840.8" 75+05" 7.1+0.9% 52+06"
13 50+06° 6.0+0.8° 6.4%0.7° 6.2+0.8° 65+1.0°
16 46+1.2° 55+0.7° 6.3+0.6" 6.4+0.7" 57+1.0™
19 48+0.3° 5.74+0.9% 6.4+0.7" 6.0+1.1% 53+1.0

22 44408 52+1.0° 6.6+0.7" 6.3+0.9" 55+0.9°

25 42408 50+1.2° 6.0+0.8" 57+0.6% 52+09°
30 38+1.0° 4.4+0.7" 52+1.0° 5.0+0.9" 45+0.8"

0 77405 78405 8.0+0.6 79403 78+0.2

2 69+0.3" 7.0+0.8° 75+05" 7.7+0.2° 7.6+0.2°

4 6.2+0.6 71+04° 7.0£05° 7.4+04° 79+0.2°

6 65+15° 6.8+0.4 7.240.2% 7.0+0.2% 76+0.6"

8 6.6+0.4° 7.0+0.3" 7.4+0.4" 6.8+05" 7.3+05"

Cris 11 5.0+0.4¢ 6.0+05° 6.8+0.6" 7.0+£0.8" 75+0.6°
P 13 4540.4° 48+0.6° 6.6+0.4° 7.140.4° 73+0.7°

16 43408 5.0+0.8° 6.7+0.4° 6.9+0.4" 7.0£0.4°

19 43+0.2° 53+05° 6.3+0.2° 65+0.7" 6.8+0.7"

22 4.0+0.1¢ 45+0.3° 6.0+0.8" 6.4+0.4° 6.6+0.4°

25 3.8+0.6° 42+0.8° 58+0.8° 6.0+0.6° 6.340.3°

30 354041 41+05° 55+05° 5.8+0.8" 6.140.7

0 45+05" 42+03" 40+0.2" 41+04° 3.7+0.4°

2 6.0+04™ 62+0.6" 6.6+0.4°" 56+04° 48+06"

4 6.6+0.4" 6.4+0.3" 6.8+0.4° 63+0.7" 50+0.8°

6 73407 7.0+0.4° 7.240.6° 6.9+0.7 6.240.4°

8 6.8+0.8" 75+05" 7.6+05" 7.2+0.7" 6.7+0.7°

Overall 11 6.6+0.4" 6.5+04° 7.8+0.3" 75+05" 7.0+0.7°
acceptability 13 52+06" 6.0+05° 6.7+0.3" 6.4+0.4 6.9+0.6"
16 5.4+0.7° 5.8+0.8" 65+0.6" 6.2+0.4™ 55+0.6°

19 5.0+0.7° 55+0.7" 6.7+0.4° 6.0+0.8" 57+04°
22 46+0.8° 5.0+0.6" 59+0.7" 56+04™ 5.0+0.7"

25 41404 45+0.6° 6.0+0.6" 53+0.3" 48+0.6°

30 37405 43+0.4° 5440.3° 5.240.4° 45+1.2°

UMeans with different letters in a row are significantly different from each other at a=0.05 as determined by Duncan’s multiple
range test.
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Sour smell

Sour taste Off-flavor

Carbonated taste

Fig. 8. QDA profiles on the sensory evaluations of Yulmoo
Mul-kimchi prepared with different levels of saltwort on the
preparation of fermentation at 10°C. —{ 1+ 0%, —— 1%, —O—
3%, —@— 5%, —O— 7%.

Sour smell

Sour taste Off-flavor

Carbonated taste

Fig. 9. QDA profiles on the sensory evaluations of Yu/moo
Mul-kimchi prepared with different levels of saltwort on the
6th-day of fermentation at 10°C. —{1— 0%, —— 1%, —O—
3%, —@— 5%, —O— 7%.
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Sour smell

Sour taste Off-flavor

Carbonated taste

Fig. 10. QDA profiles on the sensory evaluations of Yulmoc
Mul-kimchi prepared with different levels of saltwort on the
11th-day of fermentation at 10°C. {1+ 0%, —l— 1%, —O—
3%, —@— 5%, —<O— 7%.

Sour taste Off-flavor

Carbonated taste

Fig. 11. QDA profiles on the sensory evaluations of Yulmoc
Mul-kimchi prepared with different levels of saltwort on the
19th-day of fermentation at 10°C. — 1+ 0%, —— 1%, —O—
3%, —@— 5%, —0— 7%.

Sour smell

Sour taste ¥ Off-flavor

Carbonated taste

Fig. 12. QDA profiles on the sensory evaluations of Yulmoc
Mul-kimchi prepared with different levels of saltwort on the
30th-day of fermentation at 10°C. —{ 1 0%, —#— 1%, —O—
3%, —@— 5%, —O— 1%.
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