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Abstract

The quality and shelf life of sliced root of Platycodon grandiflorum (Doraji) treated by ozon-microbubble-heat
shock (OMH) were investigated by combining modified-atmosphere packaging [MAP, (50% O,+15% CO;+35%
N,)]. The study was based on microbiological (total viable bacteria, fungi, Enterobacteriaceae and coliforms numbers),
physicochemical and sensory changes. OMH treatment was effective in reducing microbial populations of the sliced
Doraji, especially Enterobacteriaceae and coliforms reduced by 2 log CFU/g. However OMH-MAP treatment remained
the aerobe and fungi numbers. Regarding the color, OMH-MAP delayed the change of Hunter b* and the sliced
Doraji by OMH-MAP treatment exhibited lower decrease of flavor and overall acceptability compared to those
by polypropylene packaging after tap water treatment (Control). The OMH and 50%0,+15%CO, MAP treatment
gave better sensory quality and extended shelf-life for sliced Doraji (~3 days longer shelf-life than Control). Flavor
was significantly related to overall acceptability at both Control and OMH-MAP, whereas total coliforms prevalence
was associated with overall acceptability at only OMH-MAP. Therefore microbubble-heat shock treatment may improve
microbial safety and sliced Doraji by OMH treatment can stored under 50%0,+15%CO, treatment for up to 7
days. Thus, OMH and MAP treatment may be used in maintaining the storage quality and marketability of sliced

Doraji.
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Table 1. Effect of different washing methods on various
microorganisms in sliced root of Platycodon grandiflorum

Treatment” ™ve? Fungi  Enterobacteriaceae  Coliforms
NT 69005 3920.09° 59007 6.0£0.01°
Dip T0H0.04°  3.8:004 6.6+0.83 54001
0 69:003%  341024° 5.6+0.04° 5.7£0.04°

OMH 5410060 16016 370.02° 3240.02°
p-value 0.000 0,000 0.008 0.000

UNT, Not treatment; Dip, Tap water (3 min); Os, 4 ppm Ozon (5 min); OMH, microbubble
and 55°C water after 4 ppm ozone (5 min).

JTVC, total viable bacterial counts.

HValue are meantSE.

% a row means followed by different superscripts are significantly different at
the p<0.05 level.
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Table 2. Changes in total viable bacterial counts (TVC), fungi, Enterobacteriaceae and coliforms in sliced root of Platycodon grandiflorum

under MAP (50%0; +15%C0,) during storage at 5C for 10 days

(unit: log CFU/g)

Storage TvC Fungi Enterobacteriaceae Coliforms
(332) Control” OMH-MAP Control OMH-MAP Control OMH-MAP Control OMH-MAP

0 7,020,047 54006 3.8+0.04° 1.6£0.16° 6.6+0.83 3.70,02° 54+001° 3.20,02°

4 7.1:0.08° 4.7£0.07° 34001 1.6£0.09°® 6.7+0.10° 4.620.00° 6340018 40001

7 72+0.02° 5240.01% 3.5£0.03° 19£0.11° 6.40.19% 5.24002° 6.0£0.03 4.740.08

9 7.1:0.03 5.1:0.12° 3.8+0.02° 1.440.55" 5.8+40.14¢ 470,04 6.6£0.07" 524013

10 6.8+0.10° 52004 3.8+0.02° 1.9£0.09° 6.6+0.03¢ 6.140,03 7.0£0.08' 5.5£0.05°
p-value 0.000 0.000 0.000 0.000

"Control, polypropylene film after washing in tap water; OMH-MAP, MAP (O, 50%+CO, 15%) after washing in ozone, microbubble and 55°C water.
Values are meanSE.
¥ the same row for each microorganism means followed by different superscripts are significantly different at the p<0.05 level.
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Table 3. Changes in Hunter a, b and delta E values of sliced root of Platycodon grandiflorum during storage at 5C for 10 days

Color

Storage time (days)

values Treatment” ; ; ; ) 0 p-value
L Control 70.3+2.69” 70.5+2.38 71.942.39 7244336 73.6+2.63 0160
OMH-MAP 70.3+2.69 70.8+2.87 71.6+5.77 72.3+3.10 73.2+5.66
. Control 1.120.88 0.8+0.39 0.8+0.37 0.6£0.94 0.5£0.23 064
OMH-MAP 1.120.88 0.8+0.37 10+1.25 08<L.13 0.8+0.46
, Control 7.5£136™ 16.8+1.52° 17.8£1.55° 20.6£2.02° 215¢195° 000
OMH-MAP 7.5+136° 9.5+0.84° 10.6+0.97° 14.8+0.97° 16.7+4.66° '
AE Control 00 92 102 13.1 142
OMH-MAP 00 20 33 74 95

Control, polypropylene film packaging after washing in tap water; OMH-MAP, MAP (0, 50%+CO, 15%) after washing in ozone, microbubble, and 55°C water.

IValues are meantSE.

9 the same row and column for each parameter mean followed by different superscripts are significantly different at the p<0.05 level.
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Table 4. Sensory characteristics of sliced root of Platycodon grandiflorum during storage at 5C for 10 days

Storage time (days)

Attribute Treatment” p-value
4 7 9 10

Control 6.5+0.9%Y 6.0+1.3% 53+15° 38+10°

Color . | 0.000
OMH-MAP 7807 6.9:1.1 5617 55408
Control 50414° 28+1.1° 1.80.8° 12404°

Flavor . | 0.000
OMH-MAP YNEIWA 6.5+10 4840.9° 3118
Control 6.8+1.1° 55116 33+1.8° 38+1.8°

Texture X 0.000
OMH-MAP 8.0£0.7° 6.8+1.1 4940.9° 4811
Control 58414 33412 1.6:0.7" 12404

Overall acceptability . . 0.000
OMH-MAP 7807 6.7+09 4305 3116

Control, polypropylene film packaging after washing in tap water; OMH-MAP, MAP (O, 50%+CO, 15%) after washing in ozone, microbubble, and 55°C water.
ypropy: ging g g

JValues are meantSE.

%n the same row and column means followed by different superscripts are significantly different at the p<0.05 level.

Table 5. Correlation coefficients between quality and sensory characteristics of sliced root of Platycodon grandiflorum

_— Ve Fing X Entero- Coliforms Overall Hunter’s values Sensory factors

acteriaceac acceptability L a b Texture  Color  Flavor
TVC 1 942" 903" 869" -085 583 707 465 466 151 -063
Fungi 1 897" 895" -040 7307 W77 47 2307 -312 092
Enterobacteriaceae 1 824" 113 686 -609° 390  -229 157 201
Coliforms 1 190 J187 -8997 763 2300 232 244
Overall acceptability 1 167 -189  -5067 5997 5607 877"
Control L 1 -3 33T -1 263 -167
a 1 286 -085 -0 -251
b 1 480" 23137 2346
Texture 1 437 4957
Color 1 356"

Flavor 1
TVC 1 290 654 783 -448 198 -217 357 -536 -527 -395
Fungi 1 498 183 395 1250 577 .55 2200 106 397
Enterobacteriaceae 1 694 116 010 165  -058  -004 -051 156
Coliforms 1 -898° 365 -369 567 9447 91T -86T
Overall acceptability 1 061 -081  -465" 73" M”91
OMH-MAP L 1 -518" 3667 -025 -0 093
a 1 -046 015 -114 -0%2
b 1 3400 5257 -4
Texture 1 01" T
Color 1 743"

Flavor 1

"Control, polypropylene film packaging after washing in tap water, OMH-MAP, MAP (0, 50%+CO, 15%) after washing in ozone, microbubble, and 55°C water.

¥ p-value<0.05; , p-value<0.01.
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Table 6. Regression equations and coefficients of determination
between physicochemical properties and acceptability of sliced
root of Platycodon grandiflorum during storage at 5C for 10 days

Response  Treatment”  Regression equation R p-value
Col Control y=0.452x+4.010 0.300 0.000
olor
MH-MAP y=0.453x+4.042 0.544 0.000
Control y=0.886x+0.438 0.764 0.000
Flavor
OMH-MAP y=0.938x+0.061 0941 0.000
Control y=0.486x+3.491 0.764 0.764
Texture
OMH-MAP y=0.647x+2.811 0.589 0.000
. Control y=0.063x+6.215 0.036 0.653
Coliforms
OMH-MAP y=-0.149x+5.406 0.757 0.015

Control, polypropylene film packaging after washing in tap water for 3 min;
OMH-MAP, MAP (0, 50%+CO, 15%) after washing in ozone, microbubble, and
55C water.
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