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Developed Vacuum Film Packaging Method Maintains Quality

of Enoki Mushrooms (Flammulina velutipes) during Simulated Vessel

Export to Vietnam
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Abstract Korean enoki mushrooms are exported to Southeast Asia and the United States, where there are complaints due
to quality deterioration during the distribution process. In this study, we evaluated the efficacy of vacuum film packaging
on quality maintenance in Korean enoki mushrooms during simulated vessel export to Vietnam using selected film, which
was developed with vacuum packaging machine and oxygen absorber. We selected two MA film, one was 2-layerd 30 um
CPP film (control) and the other was 3-layered 30 um CPP film (treatment) which is optimized film of higher gas and mois-
ture permeability. The Korean enoki mushrooms were packaged with these two films using PAC-2000 or PAC-3000 vacuum
packaging machine which was improved vacuuming of higher speed. Packed mushrooms were stored at 1°C for 2 weeks
and distributed at 20°C for 2 days or 8°C for 6 days. The efficiency of the film packaging was analyzed by vacuum main-
taining index, and overall the quality characteristics such as off odor, color, cap cleavage, stem elongations and sensory eval-
uation were evaluated during storage and distribution. Results suggest that postharvest loss of fresh enoki mushroom could
be reduced by packaging mushroom with 3-layered 30 um CPP films packaged using PAC-3000 machine during simulated
vessel export to Vietnam due to vacuum maintaining. Oxygen absorber promoted off-odor at 20°C distribution temperature,
and did not affect storability at 1°C storage compared to treated group without oxygen absorber treatment.
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Fig. 1. Electron microscope images of used film, left; 2-layered 30 um CPP film, right; 3-layered 30 um CPP film.
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Table 1. Specification of vacuum sealing machines PAC-2000
and PAC-3000

HOHA HEH RovE & BlE

. . Control Developed
Specification « X
(PAC-2000) (PAC-3000)

Length (mm) 1,820 2,370(+550)
Packaging speed (ea/h 1,200 1,800(X1.5)

Air consumption o
(L/min) 304 201(V 30%)

Possible packaging 120~300 120~400

weight (g)
Sealing method Ultrasonic waves | Heater roller
Power consumption 0.6 kW 1kW

*PAC-2000 and PAC-3000 : Manufactured by Famecs Co.,
Yangsan, South Korea.
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Table 2. Abbreviation of treatment of Korean enoki mushrooms according to sealing machine, films and/or oxygen absorber for export-

ing to Vietnam

Treatment No. Sealing machine Oxygen absorber Abbreviation
1 PAC-3000 2-layerd 30 um CPP - PAC3-CF
2 PAC-3000 2-layerd 30 um CPP Using PAC3+CF+0OA
3 PAC-3000 3-layered 30 um CPP - PAC3+TF
4 PAC-2000 2-layerd 30 um CPP - PAC2+CF
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Table 3. Sensory evaluation score that determines the marketability of Korean enoki mushrooms

Quality characteristics

Available Index for sale

Impossible Index for sale

Off odor

0~1

2~4

Discoloration of Cap

Original color (5)

Brown spot development (3~1)

Discoloration of Stalk

Original color (5)

Brown spot development (3~1)

Decay No symptoms (0) Initial period-spread (1~2)
Total freshness 9~5 4~1
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Fig. 2. Concentration of O, and CO, in headspace of different packages of Flammulina velutipes submitted to 14 day storage at 1°C followed
by 2 days at room temperature or 6 days at 8°C. For the treatments, refer to Table 2. Data are expressed as means + standard error(n = 3).
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Fig. 3. Vacuum release of different Flammulina velutipes pack-
ages submitted to 14 day storage at 1°C followed by 2 days at
room temperature or 6 days at 8°C. For the treatments, refer to
Table 2. Data are expressed as means + standard error (n=3).
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Fig. 8. Off odor development of Flammulina velutipes in dif-
ferent packages submitted to 14 day storage at 1°C followed
by 2 days at room temperature or 6 days at 8°C. For the treat-
ments, refer to Table 2. Data are expressed as means + stan-
dard error (n=3).
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Fig. 9. Soft rot development of Flammulina velutipes in
different packages submitted to 14 day storage at 1°C
followed by 2 days at room temperature or 6 days at 8°C. For
the treatments, refer to Table 2. Data are expressed as means +
standard error (n = 3).
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Fig. 10. Total freshness of of Flammulina velutipes in different
packages submitted to 14 day storage at 1°C followed by 2
days at room temperature or 6 days at 8°C. For the treatments,
refer to Table 2. Data are expressed as means + standard error
(n=3).
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