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Effect of Modified Atmosphere Packaging on Postharvest Quality of Kohlrabi
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Abstract: The effect of modified atmosphere packaging (MAP) on Kkohlrabi (Brassica olerace L. gongulodes group)’s quality and
antioxidant molecule during storage was examined to determine the optimal film package for maintaining freshness. To extend
shelf life, MAP was tested using PE 50 um and oriented polypropylene (OPP) films with oxygen transmission rate (OTR) at
3,000, 10,000, 15,000 mL/m’/day/atm. The OPP film packaging with modified oxygen transmission rate showed a delay in a
weight loss and extended storage period. The package with OTR 3000 attained the desired gas composition of 0, 3.2-6.7 kPa
and CO; 13.1-19.8 kPa, in storage at room temperature. Kohlrabi stored in this package showed the lowest weight loss and
the highest visual quality. Deterioration and off-odor were developed more rapidly in PE 50 um towards the end of the storage
at room temperature. However, there are no differences among OTR films in visual quality and off-odor until 60 days at cold
storage. Vitamin C content of kohlrabi was reduced rapidly in OTR 15000 with high transmission rate and showed less loss
in PE 50 um and OTR 3000 in both room temperatures and cold storage. Results revealed that an OPP film with OTR 3000
extended the shelf life of kohlrabi in storage with maintained quality and vitamin C.

Additional key words: gas composition, oxygen transmission rate (OTR), shelf-life, vitamin C
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et al., 2002). T3} controlled atmosphere(CA) #7+2] 742,
AAkae AL(-1°C)of| A Z2h8]e] T5o] A= nd=
9] viAlo] A= cH(Saray, 1994). Cantwell(1997)o] 2]3}
ZohlE CA A9 AAA a7t gle Aoz Ha g
HE Loy, dutAle s Zeih]e] ol ¢l A CA A% Al
3kPa O, + 5kPa CO, 0°C 7104 352 52t AAo| 7hs3s}
o, 22 24 S AATE Sehhl= 347093t Aol
71538t Ao w & A ti(Institut International du Froid,
2000). BHeo] CA %S AXu]7h vlw Ho| Ty o
modified atmosphere packaging(MAP)o| =2}H]9] #AFA A
A Q% orA 71&2 AAIE L QJtHKader et al., 1989).
MAP= ZAAE o]&ste], 2o AH3t 3724dS
FAAA Aol ZEF olEHl WS ARAT1L 5
=5 FAXA A 59 FES 1AM R olthRai
and Shashi, 2007). Yut& oz MA ZAFIE 9J5F 2
O] AAikae} JolakeberA 272 AR 2ot A U Ab
=9 58, A AFaFEo D Qlti(Allende et
al,, 2004). O] BFE3E 7EAFEIAS 2 Y| A=
O] v AlekA] Set Wazg-2 oF7]|A7]7| &= gHeH(Van der
Steen et al., 2002). = Ak MA EZH< 2kPa Oy)2 Wta
A-gog oehEi ot EUTIste| =] Pt o]FE T
AAZ1 712 SHH(Day, 2001). 24k MA ZZ(> 70kPa O»)
< A E A, A F71d EaAES dAlsked &
Al Aoz W HETHDay 1996, 2000, 2001). The}A]
Apgat Agaziol B A% MA 24| 4ol Faslt
Escalona et al.(2006)2] Ao oJshH Z2iv]9] o5 &<
2| 4-5kPa O, + 10-15kPa CO, ZAoA #-2#%H0°C) Al,
2 &% ARSI nAE S| o] askilth TR =
2hHo] ¢S A A3t A antimist-oriented polypropylene(OPP)
52 ARESte] AA0°C)ollA A, =4 W 7kAax
0] 4.5-5.5kPa O, + 11-12kPa CO, ZAC 2 =2 Z 20|
A H At B e Hf QltiEscalona et al., 2007a). A4
Ho] Zzku] AE(stick)?] 9= amide-polyethylene(PE)
45 x4 U 7fAzAo] TkPa O, + 9kPa CO, 2 -3-R| & o]
T B¢ Aol FAIE AT 2AME RItH(Escalona et
al., 2007b).
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Al 20134 299 AlFEol| A 428} g 500-600g2] A4 ]
5 Adsto] ARg-skelet. AEE ZEhH|i= Escalona et al.
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o Atdt oy 2715 AlAs ARSI

mR 9 YR
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SAS 9.1 Z2IFY(SAS Inc, Cary, NC, USA)
ANOVAE

0|85+
AAISE &, Duncan’s multiple range test(DMRT)

£ 3t 5% ol AR
A9 W 1%
7tA =g A 0lF[e] Hat

MA Z3 Y 9] 7tARALS AFexAe] A2 50um PE2
0, =27 AR=7] 1.8kPaz2 AA AT o =ZH, d7|A
TFOoR HMgE|o] o]F o] WA o] w=A| X3P =] ¢l THFigs.
1A and 2A). OPPo]] OTRE W3t ZAAEL AFS A%;
202 =<9k OTR 3000-2 3.7-6.2kPa O, 13.1-19.8kPa CO,,
OTR 100002 8.5-11.9kPa O, 9.7-12.3kPa CO,, OTR 15000
2 11.0-12.8kPa O,, 8.4-10.4kPa CO,2] & Lely}T}
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(Fig. 1A). MA ;gd— 141_04 7]./\7\/\42 XL%_Q] ‘iejq. A
Ao ZhsRskel ofd) A, of £ b 8 2

o 7] SO AbAag} oilsteta: el Hof P W
=rtHKader et al., 1989). o|&3t $4o] AASA GA| = H,
MA B4 U 371248 w8 24 FFAbhe] mstel,
AA7|17E EoF o]AbA 9l 37| 2AS G-A| 8 HForney et al.,
1991). kA o= H7 AR Alolatr] Sl Ao MA
ZHZAL b 0, 5 13kPas FAFAL, 0|9} B
o] 2|31 CO; 5= 10-15kPaz L&A ¢ItiKe and Kader,
1992). o]&3t 7}AZA M= B AAE ehuls 4
2ol A 4-¢- OTR 3000 ARS3HRE Wl AR 571
z4o] o]ZoIFthFig. 1A). MA & T AReAA 2 o]
of A2 PE A3 Blg OTR 50| WA Yepten,
OTR BE H2|7t9] $-01¢l Zjoli= 219ITKFig. 2A). o=
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Fig. 1. Changes in gas composition O; and CO; in kohlrabi stems in MA packaging during 20 days at 18°C (A), 60 days at
4°C and/or followed 3 days at 18°C (B). Vertical lines represent standard error of the mean (n = 5).
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wEA] AL S FASH= Aol Bls| OPPoll OTRE ¥
P TAASE A 168714 5.7kPa oS R4}
St} Escalona et al.(2007b)o]] 2J3}HH AF-8 20um OPP 3=
Z3} 40um amide-PE EASlo] AldHo| Zehu|E A4 s}
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& Al sLTE olF7E AskE E7IA Tl EolEit
(Van der Steen et al., 2002). & AFNA = AALFETE0|
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AAE FE olFhAlo) A vl
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0, + 15 kPa CO, A5}l om, & Ao A= 50um PE7}
AR 7EaRAd S BAARE 7S € Aeolle olF
W0l th A O wlste] = UEbsiTh(Fig. 2B). o=
Ch2 OTR Z7gAefl H]sto] Fakgo] w2 Zlof 7]9lst A
O Btk A2AY & J2RE7IRE 38 59 24 Y9
0, 5= 6.3-10.5kPa2 HrolF 0 v, CO, 55+ 50um PE
A5 & £9] Wsh= glou OPPE 7|22 2 3 OTR
3000, 10000, 15000 FE5-2> =20l k=Eg3} FAlof CO,
st & HOR F7IBIITFig. 1B). ol#e 2 i 7]

2A0] whE WSk el 7] ALAA T AR5

[e))]
=

b F olF e TS Fola, ot FAES FAIS=
A G vzl Ao HEti(Fig. 2B and Table 2).
a2 4 3 SEHS|

ZepH| o] MA 2R 2o whE FAWSEE AR 43
ZE7tag o A AR 20070 50um PEX 0.7%, OTR
3000 0.3%, OTR 10000 0.4%, OTR 15000 0.5% % LFefLY,
OTR 30000 F&Fgrago] 7P W2 2 o2 Yepylth(Fig.
3A). MA A Al SHAES IO B71&9] 9FS
HIoKCho et al., 2009), E7Hgo] =2 OTR 150000] k7
A7} wEA] dojyron], OTR 3000L 3 U] AJAkAe} 11
olatbetar 271o] FAJE o] TFof o3t &=Alo] Frasto]

FTEHL ] WA YERd Ao 2 ke t(Figs. 1 and 3).
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sto], FEFAEo] MAAREII SR o] vl Ao
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4
o 3}
©
Q
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1

0 .
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Fig. 2. Off-odors of kohlrabi stems during storage at 18°C in MA packaging (A) and after 30 and 60 days at 4°C followed
by 3 days at 18°C in MA packaging (B). It was scored on 0-4 scale, 0: none; 1: slight; 2: moderate; 3: mid-severe and 4:
severe with decomposition. Vertical lines represent standard error of the mean (n = 5).
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2 7 UehdthFig. 3A). ]9 SFHae2 AL FEA FFFe vAA %-k% ¢ ¥ HH(Fig. 3B).

717 59609 HE Ae)T7} 04% ol el Fehi|o] AEi AL A 162710 F7teglet), o)
FE AR o= eI UEbdTh B3 ARAY & A iAo o3t Aow Hojm, 20U o= Fuj= QIgt
A7 F7H Q) SR A7 AN 0.1% e = A R eR FErt WA UEhd Zles dntEnh e

A " CpEsoum OTR 3000 B o1 s
pm OTR 3000
mOTR 10000 mOTR 15000 = OTR 10000 mOTR 15000
§ 08 N :\; 0.8 |
g 2
8 06 8 0.6
E b
o 04 | '§: 04 |
(] I )
= =
0.2 . I 0.2
: mi
0.0 . . . 0.0
7 12 16 20 30+3 60+3
Storage period (days) Storage period (days)

Fig. 3. Changes in weight loss of kohlrabi stems in MA packaging during 20 days at 18°C (A), 60 days at 4°C and/or followed
3 days at 18°C (B). Vertical lines represent standard error of the mean (n = 5).

Table 1. Changes in firmness, soluble solids content (SSC) and visual quality of kohlrabi stems during storage at 18°C in MA
packaging.

Storage period (days) Films Firmness (N) SSC (°Brix) Visual quality”
Initial” 63.28 + 1.55 13.52 + 0.19 4.00 + 0.19
PE 50 pm 66.05 + 1.18 a" 1398 + 034 a 4.00 = 0.00 a
; OTR 3000 65.36 + 1.00 a 1398 + 0.17 a 4.00 + 0.00 a
OTR 10000 66.14 + 0.83 a 1432 £ 0.12 a 3.80 + 0.20 a
OTR 15000 68.41 + 1.12 a 13.96 + 0.10 a 3.80 + 0.20 a
PE 50 pm 63.30 = 0.78 a 13.64 + 0.14 a 2.00 £ 0.00 b
1 OTR 3000 64.25 + 0.88 a 14.08 + 0.09 a 3.20 £ 0.20 a
OTR 10000 65.97 + 0.89 a 14.00 + 0.16 a 320 + 0.20 a
OTR 15000 66.52 + 0.85 a 13.46 + 0.26 a 340 + 0.24 a
PE 50 pm 77.62 + 1.26 a 1420 + 0.11 a 1.60 + 0.24 b
16 OTR 3000 71.71 + 140 a 1420 + 0.11 a 3.00 £ 0.00 a
OTR 10000 7482 + 1.26 a 1434 + 0.09 a 340 £ 024 a
OTR 15000 72.84 = 1.60 a 13.94 + 0.15 a 3.00 £ 031 a
PE 50 pm 6333 + 1.18 a 13.74 + 038 a 1.00 + 0.00 a
20 OTR 3000 67.21 + 1.09 a 13.56 + 0.13 a 2.00 £ 0.00 a
OTR 10000 6632 + 141 a 12.86 + 0.10 a 2.00 £ 0.00 a
OTR 15000 7117 + 1.67 a 13.08 + 0.22 a 2.00 £ 0.00 a

*Visual quality, 4 = excellent, 3 = good, 2 = poor, 1= very poor.

YInitial are means Kohlarbi without package at first day after harvest.
*Values are means + standard errors of five replicates.

“Mean separation within columns by Tukey’s multiple rage test, p = 0.05.
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Table 2. Changes in firmness, soluble solids content (SSC) and visual quality of kohlrabi stems after 30 and 60 days at 4°C

and/or followed by 3 days at 18°C in MA packaging.

Storage period (days) Flims Firmness (N) SSC (°Brix) Visual quality”
Initial” 63.28 + 1.55 13.52 + 0.19 4.00 + 0.19
PE 50 pm 64.62 + 0.77 a" 13.88 + 0.13 a 3.60 £ 024 a
30 OTR 3000 64.07 + 0.68 a 1394 + 0.28 a 4.00 = 0.00 a
OTR 10000 6592 + 1.07 a 14.14 + 0.28 a 3.80 + 0.20 a
OTR 15000 64.14 + 0.72 a 13.98 + 0.07 a 3.80 + 0.20 a
PE 50 pm 67.19 + 0.95 a 1438 + 031 a 320 + 0.20 a
30 + 3 (18°C) OTR 3000 65.96 + 1.25 a 1354 + 0.13 a 3.80 + 0.20 a
OTR 10000 66.03 = 0.97 a 13.88 + 0.24 a 3.80 £ 0.20 a
OTR 15000 66.12 + 0.94 a 13.68 + 0.13 a 3.60 + 0.24 a
PE 50 pm 61.57 + 1.13 a 1430 + 0.20 a 3.00 + 0.00 a
OTR 3000 63.97 + 093 a 14.60 + 032 a 320 £ 0.20 a
00 OTR 10000 64.17 + 097 a 1433 + 0.08 a 320 + 0.20 a
OTR 15000 62.48 + 1.01 a 13.80 + 0.17 b 320 £ 0.20 a
PE 50 pm 6845 + 1.13 a 14.10 + 0.05 a 3.00 + 0.00 a
OTR 3000 70.69 = 2.00 a 13.96 + 0.47 ab 3.20 + 0.00 a
60 + 3 (18°C)
OTR 10000 69.65 + 1.35 a 13.26 + 035 ¢ 3.00 £ 0.00 a
OTR 15000 69.70 + 1.38 a 13.36 + 0.06 bc 3.00 + 0.00 a

*Visual quality, 4 = excellent, 3 = good, 2 = poor, 1= very poor.
YInitial are means Kohlrabi without package at first day after harvest.

*Values are means + standard errors of five replicates.

“Mean separation within columns by Tukey’s multiple rage test, p = 0.05.
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Table 3. Changes in vitamin C content (mg-100 mg’ FW) of kohlrabi stems during the storage at 18°C in MA packaging.

Storage period (days)

Treatment Initial”

7 12 16 20
PE 50 um 4846 + 0.62 a* 4388 + 2.11 a 4247 + 2.03 a 3998 + 0.59 a
OTR 3000 43.69 + 170" 4781 £ 094 a 4092 + 1.53 a 4231 + 1.03 a 36.15 + 0.57 ab
OTR 10000 46.17 + 1.63 a 3830 + 1.59 a 40.15 £ 041 ab 2896 = 0.02 c
OTR 15000 46.53 £ 0.72 a 40.09 + 341 a 36.16 + 0.87 b 30.74 + 695 b

“Initial are means kohlrabi without package at first day after harvest.

*Values are means + standard errors of five replicates.

*Mean separation within columns by Duncan’s multiple rage test, p = 0.05.
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Table 4. Changes in vitamin C content (mg-100 mg" FW) of kohlrabi stems after 30 and 60 days at 4°C and/or followed

by 3 days at 18°C in MA packaging.

Storage period (days)

Treatment Initial”
30 30 + 3 60 60 + 3
PE 50 pm 4141 + 598 a* 40.57 + 3.22 a 40.19 + 0.48 a 39.65 + 144 a
OTR 3000 4236 + 0.62 a 38.27 £ 0.46 a 39.30 £ 299 a 37.05 £ 2.07 a
43.69 + 1.70°
OTR 10000 4397 + 530 a 40.60 + 3.09 a 39.02 £ 0.66 a 38.14 + 0.88 a
OTR 15000 41,99 + 196 a 39.80 + 243 a 3425 + 226 b 3481 £ 1.79 a

“Initial are means kohlrabi without package at first day after harvest.

YValues are means * standard errors of five replicates.

*Mean separation within columns by Duncan’s multiple rage test, p = 0.05.
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