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ABSTRACT

Background: Ginsenosides, which have various physiological activities, are known to be abun-
dant in the leaves and roots of ginseng. Ginseng sprouts can be used as a fresh vegetable and roots,
stems, and leaves of ginseng can be consumed. This study aimed to investigate the effect of carbon
dioxide treatment and the modified atmosphere (MA) packaging method in suppressing quality
deterioration during the distribution of ginseng sprouts.

Methods and Results: Ginseng sprouts were packed using Styrofoam, barrier film + non gas treat-
ment, barrier film + gas treatment, 15 /m polyamide (PA) double film + non gas treatment, 15 m
PA double film + gas treatment, 25 /m PA film + non gas treatment, or 25 ¢m PA film + gas treat-
ment. Quality parameters including gas composition, relative humidity, chlorophyll SPAD (Soil
Plant Analysis Development) value, firmness, and rate of quality loss in ginseng sprouts were mon-
itored at the following temperatures: 20 C, and 10 C. Ginseng sprouts packaged with 25 m PA
film showed loss in quality because of wilting owing to low relative humidity within the film.
Chlorophyll and firmness did not differ between film and gas treatments. The time point at which
the combined loss from softening and decay owing to fungal, and bacterial infection and wilt
reached 20% was considered the limit of distribution. At 20 C, the packaging not included in the
20% distribution loss rate limit or up to 7 days was 15 /a1 PA double film + gas treatment. At 10C
, the packaging not included in the 20% distribution loss rate limit for up to 18 days were barrier
film + gas treatment and 15 #m PA double film + gas treatment.

Conclusions: The film packaging suitable for the distribution of ginseng sprouts was found to be
the barrier film and PA film with low gas permeability and maintaining hygroscopicity at 95% rel-
ative humidity. To prevent the loss in quality of ginseng sprouts, gas treatment (8% of O, and 18%
of COy) in the film was found to be more suitable than no gas treatment for inhibition of decay.
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Fig. 1. Quality problem occurred during distribution of ginseng sprout: (A); ginseng sprout with intact leaves, stem and root after
harvest, (B); occurrence of fungus, leaves rot, rot of linked area of stem and root, and root rot during distribution of ginseng

sprout.
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Fig. 3.
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Quality of appearance of ginseng sprout by grade. grade 0; leaves and stems are fresh as the harvest time and the cotyledon
color of connected part of root and stem is green, grade 1; fresh like grade 0 and only the color of cotyledon is changed to
brown, grade 2; fungal mycelium occur on leaves, stem and root or appear symptoms of rot disease and soften, also occur the
wilting of leaves, grade 3; rot disease and soften of leaves occur about 30% - 50% of the total leaves of one root or 1/3 of root,
grade 4; rot disease and soften of leaves occur more 50% of the total leaves of one root or more 1/3 of root.

= (A) —e—Siyrofoam
- —®15umPA dulble film, non-gas treatment
20 o 3A 2AR a4 24 ah 34 25pmPA film, non-gas treatment
i N Thi T —+— Barrier film, non-gas treatment
—T=15pmPA dulble film, COztreatment
15
10
5
]

od 1d 4d 5d 6d 7d

Changes in O, and CO, concentration with in package of ginseng sprouts with different packaging film during storage at
20T (A and B) and 10T (C and D). Values are means =+ SD (n = 3). "Means with different letters indicate a significant different
within each film treatment by Duncan’s Multiple Range Test (DMRT, p < 0.05). *; significant different between treatment, **;
significant different between period.
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Fig. 3. Continued.

157

—&— Styrofoam

—“—Barrier film, COztreatment

~T 15pmPA dulble film, COztreatment
T 25pmPA film, COztreatment
—*—Barrier film, non-gas treatment
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7 25pmPA film, non-gas treatment
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10C 2E|2Z ¥H9 AEFEE 100%, barrier film +
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8%, CO, 18% gas treatment X742 90%2] H&H=S YE}
WSt} Barrier film 32 55271 B7] W&o 10C A&
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A Aol e WMol T Alelel 2 9 WA

(A)

=]
=

92

o
[=]

70

o
=]

Relative humidity at 20°C (%)
5

film, non-gas film, gas treatment
treatment CO:treatment

=]
=]

o
=]

01

Ulm q
m .

(63

i
ﬂ‘r’
o,
£
>
o
Relative humidity at 10°C (%)

f
Ko,
©
ﬁ
BN
ot
oy
S
kv

s
=}

L%

i tlo

X =]

AS 517] W7l 20T 2 10T §5 F AE|2E Fig. 4. Relative humidity within Facke(iige of ginseng sprouts

8 Eoi]Z o 5] Mele] = el olgh with different packaging film during storage at 20C
p= g T THE o O T TTEE

(A) and 10C (B).

o

o

M=

158



MERIMe| 8 £ FHA|

wjitol barrier filmoll HJ3l] W2 FFESE 2h= 0= AF i) {800 A3t HEolxRk, Y2 84S 2] fsl
EHh 28y 15 i PA double filme] A% & ujife Me I TAE 2EsAY TG Ex P/m ohd o]F -4t
Fto] Ao FFEAL e olFZEAEe ol FE  FEEXE Ee 5 A 98 1 s A, g
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49 T BEEANE w—sﬁz ol A1) F
2o] 28 2902 4830, PA fimo] A& f5 T 4 3. PSAs
=7 B @) uRe Aﬂﬁmw ol el Ak AL Qo ARATF (SPAD valw) 5 F 4 2

25pm PA single film 15pum PA double film

Fig. 5. Appearance of ginseng sprouts packed with PA film and barrier film. (A) and (B); moisture condensation not generated or
generated inside the film of ginseng sprouts packaged with PA film and barrier film after storage 2 days at 10C, (C); appearance

of ginseng sprouts packaged 25 gm PA film and 15 /m PA double film after storage 5 days at 201
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Fig. 7. Hardness of leaves, stems and roots of ginseng sprouts with different packaging film during distribution at 20 (A, B and
D

C) and 10C (D, E and F). Values are means +

(n = 30). "Means with different letters indicate a significant different within

each film treatment by Duncan’s Multiple Range Test (DMRT, p < 0.05). % significant different between treatment, **;
significant different between period.
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Fig. 8. Good product rate, quality

loss rate and 20% distribution limit loss rate (red line) of ginseng sprouts with different

packaging film during distribution at 20°C (A and B) 10C (C and D). (A); good product rate at 20C, (B); quality loss rate at 20
C, (C); good product rate at 10C, (D); quality loss rate at 10C. Each value represents the means = SD (n = 3). "Means with
different letters indicate a significant different within each film treatment by Duncan’s Multiple Range Test (DMRT, p < 0.05).

+d: significant different between treatment.
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