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Abstract

In this study, physicochemical, microbiological and organoleptic analyses were carried out on cabbage kimchi, a
representative fermented food, that was made with 0.5%, 1.0%, and 1.5% mulberry leaf powder during fermentation. This
kimchi was then compared to, kimchi without added mulberry leaf powder. The pH values showed minimal differences
between the two types of kimchi at the beginning of fermentation. The total acidities were low in every plot of kimchi
and increased according to the fermentation. The total microbial cell and Lactobacilus counts increased rapidly in the
exponential phase according to the fermentation, and showed little increase in the stational phase. Among the analyzed plots,
the lowest population was found in the kimchi containing 1.0% of mulberry leaf powder. This kimchi, in particular, also
had the best quality scores, overall acceptance and organoleptic test results during fermentation. Fermentation was slowed
in the kimchi with mulberry leaf powder, according to the amount of added as compared to the kimchi without it also showed
less acidity. The color appearance, however, of the kimchi with added mulberry leaf powder, was inferior to that of the
kimchi without mulberry leaf powder.
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Sorting, screeniag and cutting
by quarters of Chiness ¢ab

I Saling with 10% salt sclurion at 15¢ for 20 hrs

Salting process

v , Washing 3 times with flowing water J

‘ Dewatering for 3hrs

Cutting by 3.6x3.0 cm
Cutting of radich and sreen onion by 0.3¢m x 5.0cm.
l Mixing of red pepper powder. salt~fermented fish extract
NaCl solution, sugar. chopped garlic and ginger
[ Adding and Mixing
Packaging
(polyethylene zipper bag and piastic container)
Fermeatation at 15T incubator for 20 hrs

Storage and ripening at 4T ‘

Fig. 1. Flow diagram of kimchi preparation.
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Table 1. Composition of kimchi with mulberry leaf powder (unit: g)
Ingredient Kimchi group”
KC KMP-0.5 KMP-1.0 KMP-1.5

Red pepper powder 160 160 160 160
Garlic 70 70 70 70
Ginger 25 25 25 25
Sugar 20 20 20 20
Spring onion 80 80 80 80
Salt fermented anchovy extract 120 120 120 120
Salt fermented shrimp 40 40 40 40
Glutinous rice paste 180 180 180 180
Radish 255 255 255 255
Draining solution 50 45 40 35
Mulberry leaf powder 0 5 10 15

Total 1,000 1,000 1,000 1,000

Y KC: Control.
KMP-0.5: Kimchi added 0.5% mulberry leaf powder.
KMP-1.0: Kimchi added 1.0% mulberry leaf powder.
KMP-1.5: Kimchi added 1.5% mulberry leaf powder.
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Table 2. Proximate composition of kimchi added mulberry leaf powder

Composition KCP KMP-0.5” KMP-1.0” KMP-1.5%
Moisture(%) 89.20 89.70 89.10 90.20
Carbohydrate(%) 7.07 6.77 6.45 6.00
Ash(%) 220 2.10 220 1.90
Crude protein(%) 1.13 1.03 1.85 1.50
Crude fat(%) 0.40 0.40 0.40 0.40
Energy(keal/100 g) 36.40 34.80 36.80 33.60

Y KC: Control.

2 KMP-0.5: Kimchi added 0.5% mulberry leaf powder.
? KMP-1.0: Kimchi added 1.0% mulberry leaf powder.
9 KMP-1.5: Kimchi added 1.5% mulberry leaf powder.
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Table 3. Mineral contents of kimchi added mulberry leaf powder (ppb)
Group” K Ca Mg Mn Fe Zn
KC 198.862 37.579 12.799 0214 0.590 0.254
KMP-0.5 163.217 42.908 13.052 0.176 0.649 0.294
KMP-1.0 229.893 41.836 13.673 0.216 1.126 0.197
KMP-1.5 210.695 47913 14.536 0.216 0.958 0.184
Y XC: Control.

KMP-0.5: Kimchi added 0.5% mulberry leaf powder.
KMP-1.0: Kimchi added 1.0% mulberry leaf powder.
KMP-1.5: Kimchi added 1.5% mulberry leaf powder.
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Fig. 3. Changes in acidity of kimchi added mulberry leaf

powder during fermentation.
@: Control, l: 0.5%, A: 1.0%, m: 1.5%.
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Table 4. Changes in salinity of kimchi added mulberry leaf powder during fermentation
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1.77
1.70
1.70
2.08
1.74
1.98
2.07

1.82
1.70
2.00
223
1.89
1.77
1.64

1.88
1.81
1.97
2.15
2.02
2.13
2.16

Y KC: Control.
KMP-0.5: Kimchi added 0.5% mulberry leaf powder.
KMP-1.0: Kimchi added 1.0% mulberry leaf powder.
KMP-1.5: Kimchi added 1.5% mulberry leaf powder.
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Table 5. Changes in L, a and b values of kimchi added mulberry leaf powder during fermentation

Color Period Groupl)
(weeks) KC KMP-0.5 KMP-1.0 KMP-1.5
0 0.91 0.5 0.25 0.13
1 1.4 0.81 0.59 042
. 2 138 1.17 0.88 0.54
. . 3 175 1.00 T 0.89 1.09
(Lightness) 4 1.96 0.98 0.91 0.74
5 137 1.00 0.80 0.54
6 141 141 0.98 0.75
0 375 2.09 0.75 0.19
1 5.85 322 2.18 145
2 5.82 468 3.33 1.90
(Redjms) 3 7.05 4.04 338 391
4 7.75 3.97 347 2.64
5 574 4.05 3.06 192
6 631 5.56 3.75 273
0 141 0.79 027 0.06
1 2.32 1.24 0.85 0.57
2 224 1.87 137 0.77
b 3 2.85 1.57 139 1.72
(vellowness) 4 323 154 1.42 113
5 221 1.56 122 0.77
6 249 227 1.54 1.13
Y KC: Control.

KMP-0.5: Kimchi added 0.5% mulberry leaf powder.
KMP-1.0: Kimchi added 1.0% mulberry leaf powder.
KMP-1.5: Kimchi added 1.5% mulberry leaf powder.

8.5
éa
3 E 7.5
g g
g g
6.5
6
Q 1 2 9 4 & ]
Fermentation period(wesks) Fermentat ion per iod{weeks)
Fig. 4. Changes in total viable bacteria of kimchi added Fig. 5. Changes in lactic acid bacteria of kimchi added
mulberry leaf powder during fermentation. mulberry leaf powder during fermentation.

&: Control, l: 0.5%, &: 1.0%, W: 1.5%. @: Control, l: 0.5%, A: 1.0%, W: 1.5%.
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Table 6. Sensory characteristics of kimchi added mulberry leaf powder during fermentation

Sensory Period Group”
characteristics (weeks) KC KMP-0.5 KMP-1.0 KMP-1.5 F value
0 3.06 275 2.56 2.81 0.071
1 1.67 2.39 244 2.39 0414
2 1.88 1.75 2.00 1.88 0.033
Green 3 2.00 1.94 239 2.56 0.387
4 1.60 1.60 1.50° 1.60 0.013
5 1.75 175 1.94 1.63 0.043
6 1.88 175 1.63 1.38 0.196
F value 0.759 0516 0.586 0.893
0 1.00™ 1.00° 1.00° 1.00° -
1 2.78° 2.00° 2.00° 1.78° 0.936
2 4.69% 438° 463 425 0.235
Senell Acidity 3 5.11% 5.56® 5.50° 5.44° 0436
4 4.30° 430° 445 4.80° 0.385
5 5.63¢ 6.00° 5.50° 5.56° 0.309
6 4.63* 4.88" 438* 4.00° 0.316
F value 14.069™"? 22.881"" 16.609™" 15997
0 1.00° 138" 1.25° 1.00° 0.692
1 1.11° 1.22° 1.56™ 1.56™ 0.337
2 238% 2.38% 2.88" 2.88% 0218
Moldy 3 272 2.89% 2.39™ 3.33% 0.623
4 3.30° 3.40° 4.10° 3.80° 0.400
5 375" 331° 3.56° 3.25% 0.095
6 3.25° 3.00% 3.25% 3.00° 0.044
F value 4.049” 2.819° 3.686" 3.103”
0 6.13* 6.13° 6.25° 6.38" 0.128
1 3.89° 3.89° 3.56° 411 0.096
2 1.88° 2.38° 225° 2.38° 0.179
Taste Green 3 1.22° 1.22° 1.22° 1.22° 0.000
4 2.00° 2.20° 1.80° 1.90° 0.099
5 0.88° 1.00° 1.13° 1.13° 0.172
6 0.88° 1.00° 1.13° 1.13° 0.142

F value 13385 15.570™ 16.651™ 16468
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Table 6. Continued

1
Sensory Period Group”
characteristics (weeks) KC KMP-0.5 KMP-1.0 KMP-1.5 F value
0 1.00° 1.25° 1.25° 1.00° 0.667
1 267 2.83° 275 233° 0.206
2 5.13° 538" 4.94° 4.69° 0.513
Acidic 3 5.94* 5.56° 575" 528 0.867
4 5.50° 520° 5.20° 5.00™ 0317
5 6.00° 6.00° 5.94° 6.13° 0.060
6 5.50° 5.44° 5.81° 538" 0.122
Tast F value 25.040" 17.745™ 27355 18.294™
aste
0 1.25° 1.38° 125 1.00° 0373
1 1.56" 1.56™ 1.56° 1.78% 0.057
2 2.63% 231% 2.50® 2.31%° 0.513
Moldy 3 3.00® 2,56 239" 2.56abc 0.252
4 3.50® 3.50° 3.55° 3.90° 0.102
5 431° 331° 4.06° 3.13* 0.723
6 3.38% 3.13% 3.00® 2.63%° 0.209
F value 2.765" 2.561" 3.296" 2984
0 5134 4.94* 3318 2.69%° 11.557™
1 433% 467 3.67°° 2.78% 4.077"
2 413* 5134 3.38 3.19% 7.200”
Col 3 417* 461* 417 2945 9.784""
o 4 470" 470 330 2.40% 27503
5 4.69 4.13 413 4.50° 0.304
6 4.13 425 413 4.63° 0.504
F value 0.905 1.124 1913 6.185™
0 4.69* 4.88 4.63 4.44 0.448
1 472" 478 4.44 433 0.321
2 3.88% 4.13 431 4.13 0.288
3 4.61° 4.89 428 4.11 1322
Texture ab
4 3.90 430 4.10 410 0.421
5 4.88° 425 4.00 438 0.656
6 3.56° 3.56 413 425 0.998
F value 2456 2.181 0422 0.144
0 4.88 438 4.00 3.75° 2.044
1 444 4.00 3.61 2.89™ 2.363
2 438 4.44 431 3.88° 0.513
TomIb. 3 456 494 428 3.94° 2.625
tabi- sk
accf_pty 4 430" 4154 3.00° 2,605 6.132
1
5 438 444 419 5.00° 0.498
6 3.63 4,06 4.50 3.88° 0.987

F value 0.775 0.723 2245 55637
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D KC: Control, KMP-0.5: Kimchi added 0.5% mulberry leaf powder, KMP-1.0: Kimchi added 1.0% mulberry leaf powder, KMP-1.5: Kimchi

added 1.5% mulberry leaf powder,
27 p<0.05, ™ p<0.01, ™ p<0.001,

* Means with the same capital letter in a row and the same small letter in column are not significantly different at the 5% level.
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