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Effects of the Fermentation Periods on the Qualities and
Functionalities of the Fermentation Broth of Wild Vegetables

Na-Mi Kim#*, Jong-Won Lee, Jae-Ho Do and Jae-Won Yang
KT&G Central Research Institute, Ginseng Research Group

To determine optimal fermentation period of wild vegetables mixed with black sugar without microorganisms
during plant extract fermentation food processing, changes in chemical components, quality characteristics of the
fermented broth, and physiological functionality during fermentation period were investigated. pH and °Bx of
fermented broths decreased gradually during fermentation period. Except persimmon leaf, viscosity of fermented
broths of wild vegetables decreased after 3 months fermentation period. Amylase activity increased to 167~800%
of its initial level after 6 months fermentation period, and invertase activity decreased by 60~170 units after 1
month fermentation. No significant level of cellulase activity was observed. In the sensory evaluation test,
inherent flavors and tastes of the wild vegetable decreased during the fermentation period, while those of others
gradually increased. Overall acceptability was the highest after 3 months fermentation. Content of total phenolic
compounds and electron-donating ability were the highest after 3 to 4 months fermentation period, and
decreased thereafter. Except Mugwort, tyrosinase inhibitory activity was found in all fermented broths. SOD-like
activities were 23.0~25.1 and 27.0~29.2% in fermentation broths of acacia flower and persimmon leaf,
respectively, and were maintained throughout the fermentation period. Based on these results, fermentation
period of 3 to 4 months was determined to be appropriate for plant extract fermentation food processing.
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Table 1. Changes of physiochemical properties of the fermented broth of wild vegetables during fermentation periods

Fermentation” period 0 Viscosity
Samples (months) pH Bx (cps)
0 5.62 59.0 72
Artemisia var. orientails (PAMPAN.) HARA 3 5.08 56.0 30
6 448 55.0 26
0 5.58 63.0 108
Equisetum arvense LINNAEUS 3 492 62.0 32
6 3.08 61.4 40
0 5.56 62.0 80
Flowers of Robinia pseudoacacia LINNE 3 3.82 61.0 56
6 3.08 59.0 68
0 4.13 64.0 146
Needles of Pinus densiflora SIEBOLD 3 4.09 63.0 52
6 3.74 634 16
0 513 68.0 208
Taraxacum officinale WEBER 3 491 64.0 72
6 4.26 63.6 112
0 5.12 51.0 20
Leaves of Diospyros kaki THUNBERG 3 4.86 46.0 80
6 4.20 452 120
UWild vegetables was crushed and adjusted with black sugar to 40% water content, then fermented for 6 months at 2042°C.
Table 2. Changes of color of the fermented broth of wild vegetables during fermentation periods
Fermentation period .
Samples (months) L (lightness) a (redness) b (yellowness)
0 76.00 -9.11 62.70
Artemisia var. orientails (PAMPAN.) HARA 3 77.33 -4.82 49.84
6 83.63 -1.12 4274
0 82.47 -1.12 39.96
Equisetum arvense LINNAEUS 3 82.88 -0.86 3772
6 83.96 071 3234
0 78.63 145 39.85
Flowers of Robinia pseudoacacia LINNE 3 86.01 0.10 3554
6 93.58 -1.66 20.07
0 88.29 -4.03 38.28
Needles of Pinus densiflora SIEBOLD 3 88.84 -2.86 27.01
6 89.18 -2.32 21.76
0 78.52 092 5241
Taraxacum officinale WEBER 3 79.14 0.86 50.69
6 82.53 0.79 4324
0 89.64 -2.89 38.37
Leaves of Diospyros kaki THUNBERG 3 90.03 -1.65 35.03
6 90.16 -0.71 30.21
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Table 3. Changes of enzyme activities of the fermented broth of wild vegetables during fermentation periods
Samples Fermentation period ~ Amylase activity Invertase activity Cellulase activity
P (months) (units") (units?) (units")
0 70 - 60
Artemisi jentails (PAMPAN.) HARA ! 85 170 )
rtemisia var. orientails ( ) 3 70 ) 100
6 560 - 140
0 40 - -
. 1 110 105 50
Equisetum arvense LINNAEUS 3 ) i ]
6 140 - -
0 60 50 50
1 0 110 90
Flowers of Robinia pseudoacacia LINNE 3 > 70 )
6 100 120 50
0 145 - 90
Needles of Pinus densiflora SIEBOLD ! . 60 1O
eedles of Pinus densiflora 3 130 : 70
6 770 - 70
0 145 70 -
T inale WEBER ! 10 ) )
araxacum officinale 3 270 i )
6 560 - 40
0 30 10 10
L f Di kaki THUNBERG ! 0 ] 70
eaves of Diospyros kaki 3 9 i 80
6 90 - 45
U1 Unit defines the amounts of enzyme that releases 1 ug of glucose/min/mL of fermentation broth from each substrate.
Table 4. Changes of viable cell counts of the fermented broth of wild vegetables during fermentation periods
Viable cell counts (unit: CFU/mL.)
Samples Fermentation period (month)
0 1 2 3 4 5 6
Artemisia var. orientails (PAMPAN.) HARA 30x105  35x10° 70x10* 25x10* 1.8x10* 17x10° 60x10°
Equisetum arvense LINNAEUS 35x10°  37x10"° 20x10* 80x10° 50x10° 40x10° 1.0x10°
Flowers of Robinia pseudoacacia LINNE 45% 107 80x10° 42x10° 90x10° 50x10° 40x10° 8.0x10°
Needles of Pinus densiflora SIEBOLD LOx 100 14x10° 11x10° 90x10° 40x10* 30x10>° 20x10
Taraxacum officinale WEBER 8OX 10 50x10° 100x10° 40x10° 12x10° 80x10>° 50x10°
Leaves of Diospyros kaki THUNBERG 60x10* 50x10° 50x10° 20x10° 1.1x10* 80x10° 12x10°
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Table 5. Changes of content of total phenolic compounds of the fermented broth of wild vegetables during fermentation periods

Content of total phenolic compounds (unit : %, w/v)

Samples Fermentation period (month)
0 1 2 3 4 5 6
Artemisia var. orientails (PAMPAN.) HARA 0.19 0.34 0.34 0.34 0.30 0.29 0.27
Equisetum arvense LINNAEUS 0.15 0.22 0.22 023 0.24 024 0.22
Flowers of Robinia pseudoacacia LINNE 0.16 0.21 0.19 0.19 0.20 0.18 0.12
Needles of Pinus densiflora SIEBOLD 0.31 042 038 0.30 0.28 0.26 0.23
Taraxacum officinale WEBER 0.24 0.27 0.29 0.31 0.28 0.26 021
Leaves of Diospyros kaki THUNBERG 0.38 0.39 042 0.46 049 0.31 0.25
Table 6. Changes of electron donating ability of the fermented broth of wild vegetables during fermentation periods
Electron donating ability" (%)
Samples Fermentation period (month)
0. 1 2 3 4 5 6
Artemisia var. orientails (PAMPAN.) HARA 780 1343 1290 1304 1643 1552 1464
Egquisetum arvense LINNAEUS 790 960 998 1265 1711 1678 1499
Flowers of Robinia pseudoacacia LINNE 719 701 486 767 1073 865 494
Needles of Pinus densiflora SITEBOLD 1491 1587 1148 1523 1851 1763 1361
Taraxacum officinale WEBER 1057 934 1056 1600 1918 1257 1074
Leaves of Diospyros kaki THUNBERG 1785 1830 1777 1909 2258 1876 1085
D1%: 0.01 decrease of absorbance at 517 nm/min/mL.
Table 7. Changes of tyrosinase inhibitory activity of the fermented broth of wild vegetables during fermentation periods
Tyrosinase inhibitory activity (%)
Samples Fermentation period (month)
0 1 2 3 4 5 6
Artemisia var. orientails (PAMPAN.) HARA - - - - - 16.5 16.5
Equisetum arvense LINNAEUS 739 737 75.5 76.3 72.8 66.5 65.3
Flowers of Robinia pseudoacacia LINNE 88.1 88.3 86.2 845 80.5 74.3 72.0
Needles of Pinus densiflora SIEBOLD 832 83.0 85.6 822 85.2 872 832
Taraxacum officinale WEBER 91.0 88.7 85.2 79.6 76.2 753 74.6
Leaves of Diospyros kaki THUNBERG 83.6 83.6 853 854 85.0 86.1 824
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Table 8. Changes of SOD-like activity of the fermented broth of the wild vegetables during fermentation periods
SOD-like activity (%)
Samples Fermentation period (month)
0 1 2 3 4 5 6
Artemisia var. orientails (PAMPAN.) HARA - - - - - - -
Equisetum arvense LINNAEUS - - - - - - -
Flowers of Robinia pseudoacacia LINNE 25.1 23.0 243 22.8 23.6 232 22.8
Needles of Pinus densiflora SIEBOLD - - - - - - -
Taraxacum officinale WEBER - - - - - - .
Leaves of Diospyros kaki THUNBERG 28.7 29.2 28.6 27.6 26.8 274 27.0
Table 9. Changes of free sugar contents of the fermented broth of wild vegetables during fermentation periods {(unit : %, w/v)
Sample Fermentation Period Glucose Fructose
(month)
0 25.7 21.0
Artemisia var. orientails (PAMPAN.) HARA 3 27.8 220
6 27.1 18.1
0 259 23.0
Equisetum arvense LINNAEUS 3 28.2 22.8
6 30.1 215
0 284 25.9
Flowers of Robinia pseudoacacia LINNE 3 29.7 252
6 14.9 25.1
0 304 27.0
Needles of Pinus densiflora SIEBOLD 3 25.9 23.1
6 29.1 210
0 30.6 242
Taraxacum officinale WEBER 3 289 25.0
6 335 19.4
0 24.0 21.7
Leaves of Diospyros kaki THUNBERG 3 22.8 20.4
6 19.9 13.1
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Fig. 1. Effects of fermentation periods on sensory evaluation of
fermented Mugwort [Artemisia var. orientails (PAMPAN.)
HARA].
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Fig. 2. Effects of fermentation periods on sensory evaluation of
fermented pine (Pinus densiflora SIEBOLD) needle.
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