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Abstract

To determine the optimal shelf life for maintaining the high quality of kohlrabi, the changes in the physiological
and secondary metabolites of kohlrabi stems during storage were investigated. The results showed that the kohlrabi
maintained its marketable quality for two weeks at room temperature and for two months in cold storage (4°C).
Interestingly, the total phenol and flavonoid contents sharply declined along with the quality deterioration after
two-week storage at room temperature. Moreover, insignificant changes in these compounds were observed for
two months during the cold storage. The secondary metabolites of the kohlrabi were also influenced by its storage
condition. The total phenol and total flavonoid contents of the kohlrabi significantly increased with the storage
periods at low temperature, and significantly decreased with the storage periods at room temperature. In terms
of the packaging, no significant difference in the total phenol content of the kohlrabi was found between the packaged
and non-packaged types of storage. However, the flavonoid content of the packaged kohlrabi was higher than that
of the non-packaged kohlrabi at the end of their storage. The content of glucosinolates, an anti-cancer ingredient
was maintained during the storage, so the vegetables remained good sources of these compounds when stored in
cold storage even for a long period. This study showed a close correlation between the secondary metabolites
and the change in the quality of kohlrabi during storage. The results also suggested that secondary metabolites
such as phenolics can be considered quality indicators of the shelf life of kohlrabi.
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Kohlrabi, Brassica olerace L. gongulodes group)
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At 0T, 95% FEatellA #A73A] 37D 7HA] A 7]
7¥Fssta, A& Bl AR AGAE 25 o] F Fajrt ¢y
8IC}H(5). Escalona 5(6)] H.ao oJshd A7 A4S &
A5, A5 XL ko 0T BESh= Zo] w2 F20]
A Artar siaivk FebH] A3 9] A -5%= polyethylene
PE)Z & TN 7k 240] 7% 0,49% CO = 4] 5] o]
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Tl ©Jatd Fefrol=0] F& AoldA e A A
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Hj S 2HEQl Zepr]e A Fd 9] GLSsE
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Feple 20129 Aol A 2ol =2} F A Fep]
(Korist, Neterlands) & ©F 24|13t 330 2 443}0] 70 km
Hojzl AP F2o® ol FHUh 8 AF 7
d ZFeple 7] BES Adsta, F% 9F 700~900 go
AAZ 75 Addsto] Abgeislnh AdE EeE 05%
NaOCl pH 6.7l 1 £3t A et Atd § E715 A7
& & FX% E= 005 mm 779 PE ZEo=E ¥
MAE 420£20)ll A 45, A2@=10)°l 125 F<
Agshia F71Her FA ol AtAMES S

o

SHHAE, g dE, ME pH, HYME Y

TEREES LS NAE S st 27] Sl dish
fHadhe e BiEEE AT B FE & 9
=7 (Digital Refractometer PAL-1, Atago Co., Ltd, Tokyo,
Japan) = Sttt A== 2t AR S7MA & st
o] 15 em HA 22 28 F 7k 2 A7 5 mmo
S3S Abgale] £5E 2 mmjsec® 73 EAI(TA Plus, Lloyd
Instruments Ltd., Fareham, Hampshire, UK) = =7 8} t}.
pH+= pHS7d 7] (PHSPEAR, Eutech Instruments, Ayer Rajah
Crescent, Singapore)< A-&-3t] Sttt Zepv]el A
= W3} A AA| (CR-400, Minolta, Osaka, Japan) S ©] 83
o] TLg A 6 FiES AT F F AE VIt T
€Y 95 S5tk AR es A5 5 mLE AF
slo] AFEAt=A7% 7] (Titroline easy; SCHOTT Instruments
GmbH, Mainz, Germany)E ©]-8-3t°] 0.1 N NaOH=Z 4% 3}
o FAN FFOR Bel] BAFHS

Hes 9 EetEo|E & &X
s &
<]

= =
o A= 52 x $ vpslE £ 200 mg=

S Yl & @42 0] &3} Folin-DenisH (18)2 W & 3}o]
=73k th 96 well platec] Al&E 50 pLe} 2 N Folin-
Ciocalteu pheonol reagent(Sigma Chemical Co., St. Louis,
MO, USA) 50 uL< 7t § 2ol 38 &t w8
A7 T 2% NayCO;E3H8- 100 pLg ¥ 3 E§aih
o] Eatlg HdEfolA 30iEFt ¥-E-A1Z1 T micro plate
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spectrophotometer(PowerWave HT: 200~999 nm, Biotek,
Winooski, VT, USA)E AF&3l2], 725 nmol|A] SFE=E
=389tk & 535S gallic acid(Sigma Chemical
Co)E AH&ste] 23t FFAFTFH o2 HE T A
2Fsitt

% ZPtE o= 3RS Marinova 5(13)] WS ®
ato] 243819 Th 96 well platedl] A& 20 1L, 75 1
1L, 5% NaOH,-&-% 10 ILE A o= Yl 623t vt
% 10% AlCl;-6H,O(Sigma Chemical Co.) 20 yLE 91 5
2 BESAIA FATE w9 S 2 1 M NaOH 40 LE ¥
% micro plate spectrophotometer(PowerWave HT: 200~999
nm Biotek, Winooski, VT, USA)= AF-8-3}F0] 420 nmol| A
&P =E =73} T} Catechin(Sigma Chemical Co.)= A}
sto] 2Md et RE FEA Ol o8l & S eo|=

ARSI

S o

o ML olo

tlo oo md

£ glucosinolate &z 24
22| 2] GLSs FEH -2 Kim 5(19)2] Wl 2Js) =38
st 521A% 3 vlE EZAIE 100 mgs 70%(v/v)

%, 9

R

I A E} A
5
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methanol(1.5 mL)°] ¥ :
Z(70C)ell A 533 vk £2](12,000 rpm, 10
min, 4C)gF ol FS5AS 8T GLSs 2FF=% 4
%95 Sepadex DEAE-A25(GE, Healthcare Biosciences,
Ltd., Bjorkghan, Sweden)°l| 5%} 0.5 M sodium acetate
£ o] gAsld olendd A FIAAL. FEE]
o WA UrPE 2489 S/ 2 mLS ¥ 3L arylsulfatase
solution 75 LS ¥-& &, 16713 B9k A2l Zx]5k9]Th
A %, 20 mLFE 0.5 mL SHTZ 33] 5 3 o3
0.45 1m hydrophilic PTFE millipore ZE] & o 3}3}o] HPLC
A8 A 52 ARSI Th

GLSs % #4442 HPLC(Agilent Technologies 1200, Palo
Alto, CA, USA)Z Inertsil ODS-3 columns AM&-3}3it}.
oo R &l 100% E(A)P 100% acetonitrile(B) S
AHEBE o F-42 02 mLmin, &3¢S 227 nm, T
F2 10 1L, ZH 2%+ 40CE FA1813 T Gradient %712
FZ 18E71A] &1 24%7kA] WA 7|1 REVIA] = Sl
BE 24% X102 FAAZ & 17| 7%= THA] #st
AlZL T 40874 7%E A8t 7 GLSS A 3ksith

Table 1. Changes in firmness, soluble solids content (SSC), pH, titratable acidity (TA) of kohlrabi stem at the beginning, the end of storage
at room temperature (RT) and during the storage at 4°C with or without PE film package

Storage period (days) Firmness (N) Color (L) SSC (°Brix) pH TA
Treatments

Tnitial 55.48+10.56" 25.00£0.51 9.90+0.26 6.40£0.01 0.45£0.02

7 55737557 23.75+0.44° 10.64:0.55" 6.07£0.03" 0.150.01°
Non- 14 56.114791° 23.40£046' 10.460.62° 6.1410.11° 0.160.01"
package 21 52.69+7.56" 2337+06" 10.800.26" 5.92+0,02° 0.19:0.00°

- 28 52.69+2.53" 23.79+0.5" 12.44+022° 5.92+0,02° 0.15+0.00°
7 54.71+791° 24.130.63" 9.72+0.17" 6.24+0.01° 0.13:0.02°

Puckge 14 54.9447 55" 24.14¢o.713: 9.18+0.70° 6.31t0.03: 0.12+0.00°

21 56.318.00° 23.7340.72 9.76:+0.34* 6.16:0.01 0.18+0.00°

28 58.37+8.32° 24,65+0.65° 10.54+0.40° 6.26+0.01° 0.130.00°

7 55.86+7.78" 249120.72° 9.820.30° 6.22+0.09" 0.16£0.01"

14 54.0247.32° 2348£0.77* 9.040.48° 6.09:0.01° 0.1420.00°

Non- 21 53.1542.55" 24.50+0.61% 9.44+0.44° 5.9240.01° 0.1420.00"
package 28 54.74£7.79" 24.560.67" 10.50£0.31% 5.95:0.01° 0.1520.00°

56 56.36+7.68" 23.1420.5% 11.94£0.50™ 6.15+0.01° 021£0.01°

o 84 52.8547.36" 19.630.81° 12.50£0.90° 5.91:0.02° 021£0.01°
7 55.60+7.61° 24.190.56" 9.46+0.3" 6.140,01° 0.13£0.00

14 54.53+7.49" 22.4140.56" 9.26:031° 6.1410.01° 0.12£0.00°
Package 21 54.81i7.20: 23.17i0.saz 10.56ir0.15: 6,04i0.01:l o.15¢0.0a‘:1

28 58.66:8.07 2283075 10484027 6.08£0.02 0.15£0.01
56 57.33£7.79° 22.88:0.59° 10.1020.65° 6.37+0.01° 0.17£0.01"

84 58.38:8.38" 19.46:0.84° 10.68:0.76' 6.25£0.06" 0.1920.00°

Values are means*standard errors of five replicates.

"Mean separation within columns by Duncan’s multiple range test, p<0.05.
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H AR AFESlo] sukE o 7 BAslglon Aed Pt
ke (i TFQ2KSE R FAISHATE A a7ty §
A A7 & SAS 9.2 2 13(SAS Inc., Cary, NC, USA)S
1&3to] ANOVAE A3 &, Duncan’s multiple range
testDMRT)Z 3te] 5% F3ollA AA 5k

(]

Zdat g sk
o] 8 & HT7|ZF St ERHE]

AT Fgd Fen|E FFote] 23 Aol A
274, £70.05 mm PE DB X FE 2 A A shHA &
A WgE Al o 23, FEH|e] SEgAasS
A7 28D Fot AL EE A 12%, 005 mm PE HE-E7%
N 1.3%, AL FEG|A 42%, 005 mm PE LE-F 7o
A 0.9% = VEFETHFig.1). whetA] ZetH| o] A 3] g
AFETE A2A7go] AR = 005 mm PE U8
7 ohe Aol SHER S A st ey o s A,
Zeprle] AF2A A B 2714k 9.90 “Brixell A #1771
Zro] Aol whe} Fsro] YA Frhsted, #4174 289
Ao FEAS 12.44 °Brix, g 2] 10.54 °Brix2 X
o] A TR =A FAIEHATE o] = Al A

3z B XA T Hlste] #1747 3te] Al
ue} FEEA 0] ol YTl Folzl A o2 HITKTable
D). Eg x4 275 R E Fajjof 23] UERsiT
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(data not shown). ] 9] 24 A Faxxe] g, o
Fago] w1, 71548 AR B dahdte A4S HY
FER] FAEE A% KE71E 2o E HdE
(Table 1). & A 79| A= FE40 53
ago] ¥ 7154 Ao s
245 AU tFo R g ozt EAsHTh

A2A G o] Ze]e] A FEA] A, A7
o] A5 olx]=d| ¥|&te] 0.05 mm PE 2572

5 2% FAE T e ALAGA] B2
, A Tl BAIgle] A7 569 o] % Z27]gkel
Hjslo] A% Lk fo]doz 23] dolxlon Yre
12.50~10.68 °Brix2 ol & Zgko] YEelyith A3 e
= A A% 717 A o2 ol X ti(Table 1). WHH
of @] AA % 564 olule] AF FH|Y BE, T,
pHeF A o] Wyt Ae] glo] 27]gke] FAIHA ol=
ZEH|7F A2 4ToAA 22 gAEE-S 7= S UE
U ZeH| S 0T, 5% 95%° AFA] Ee tharzg-o]
FA1 5 o] SSC, PHSF TAZF 227 ¥ 87} §lo] A% Atk
£ Escalona 5-(20)2] R} dX|sl= ZAIolt} o]/te]
ANZHY Fep)E A2A G FEGA 9 U FE
A3} 7154 ARl FAIEE AAG77He 60 o=
dte

o o

S| & F NME 7|7t Sete| 2XICHAL AHF2e| HEt
Z b &% ¥
Zeple] A1 5 o JuAparEe] WeE 2A1e)
7] flste] F Hlm FFe ARSI Marinova “5(13)9]
Ao oJehd Zehule] F HE dFe AT 100 g9
44.9 mg gallic acid equivalents(GAE)°|™ £ AFoA =
Fepe 3 =g 2GS F DS A

Table 2. Changes in contents of total phenolics in kohlrabi stems at the beginning and during storage at room temperature and 4°C

with or without PE film package

(mg GAE/100 g)

Storage period (days)

Treatments
Tnitial 7 4 21 8 56 84
- Non-package 10169417217 8523:12.80"%  66.15+¢4.80"°  54.62+11.06™
Package , o OTE6EILIS™ 8092+1356™° 65544377 5692:538"
80771462 aAB aAB aAB aB aAB aA
o Non-package 106.08+4.79 97.41+7.65 97.7749.63 81.57:2.73 11146+3.61 11492+6.61
Package 107.73+4.63" 103.19£655™ 8869478 86.515.13° 11808748 121.08+3.66™
Temp NS” NS * % - -
Package NS NS NS NS NS NS
Temp*Package NS NS NS NS - -

1 .
Walues are meanststandard errors of five replicates.

IMeans in a column with different lower case letters or in the same raw for same type of samples with different upper case letters were significantly different by Duncan’s
multiple rage test, p<0.05. Lower case letters relate to comparisons of the influence of different storage temperature and package within each storage day. Upper case letters

relate to comparison of the effect of storage days, within each treatment.

3’NS,* Jo wwk o no significant or significant at p<0.05, 0.01, or 0.001 respectively.
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Table 3. Changes in contents of total flavonoids in kohlrabi stems at the beginning and during storage at room temperature and 4°C

with or without PE film package

(mg CE/100 9

Storage period (days)

Treatments
Tnitial 7 14 21 28 56 84
Non-package 2046+1.32* 21.89+1.96™ 1636:0.88" 14.74+0.70°
Package 1866:076" 18.66+2.89"* 16.72:2.04 1659127 16242091™*
oo Novpckage o 2189:063%  2005:179%  2189:145%  18431.20°° 22.68:034" 28.35:0.58""
Package 2.82:165° 2097055 23514100 2050£1.39° 2295137 24.43:0.70™
Temp NSS) NS Kk *k )
Package NS NS NS NS NS *
Temp*Package NS NS NS NS

Values are meanststandard errors of five replicates.

"Means in a column with different lower case letters or in the same raw for same type of samples with different upper case letters were significantly different by Duncan’s
multiple rage test, p<0.05. Lower case letters relate to comparisons of the influence of different storage temperature and package within each storage day. Upper case letters

relate to comparison of the effect of storage days, within each treatment.
)NS,* ko

< 100 g2 80.77 mg GAE=Z UESITE FEHH]|E oA
Fxgoz AR 49 F dEe g Az 7494
101.69 mg GAE/100 goll A #17%-5-7]<] 28U A= 54.62 mg
GAE/100 g o= A7 7]3to] A|del] whe} vrobx] = 74 ek<
wolom, 27, T4 A2zt fFog ztol= gldth
53], Ful7h dAskr] AR de A% 2R R, 34
&k gako] Walr} UElskth(Table 2). #5322 skimate
pathwayS 7% A=, o] 2l carbohydrate
metabolism®| 7} #] 2 A8-%=™, phenylalanine ammonialyase
(PAL)dl| ola S E ) PALS w53l Ea) A F9
T4 AT BAVE e, A= g = AR
7vaol 2&l] ggo] Jeke wethl). £ Aol
A% 2755 Hehvde 48 dsdde] das T
o oJgh A|xEe] 3 = o5 49| g o) #=d
o] Aefjd Zoz Aty Wi e A 77]71l 28
dA o] A2A e 75 F dEme] T T2 8157
mg GAE/100 g, 32734 2] 7= 86.51 mg GAE/100 g &=
R A7 vlE) folA o2 A UEbsh BEgk A
A 84l A 73S, FEGL 11492 mg GAE/100 g, 7%
A2 121.08 mg GAE/100 g & 27|3tHth oA &
7AEFe B o A2zl fo] gk Atol= I THTable 3).
ol& 7|3t A2A el mE A2 2E# 2| o3k Ho]7]
o Zepr| o dlE Aol S7IE AR Helvh A&
A7 A A2 wet 2] HsehEt FEol
T8 e FAA 9 nRth SEAohd S gt
F& A A ES A2A A o tEAJold o] Fhekol
7Rt RauE9lon(22), A2d Uze 13 A4
A2 (1~6T)el| olgh Ale7gaf 3 ~Ed 20| ©]3) PAL
o] frHtty A Th23). & Aol e o F47
o Fhere] W) 1he] =& AHTA T UET

. no significant or significant at p<0.05, 0.01, or 0.001 respectively.

Carbanaro 5(24) A A 5ol A #H&=3l5Ee &A= it
3183} gt B3] $23 Aor Bl &, 2
Hlo] HE 5o gilsl RS AAaE FFHA] A A
A= frofgk Bk ofue}, 2HE AA 9] A Fxlo
FA A9l PGS nx e Ao r Ak} Hjs=g A
24, W7o A7t T =2 AT =2 F
ZefH ol =e) vl ) iksl ST Bo] Jltn
H 35 Th25).

ZF EPdEwolE §=F W)

2] T FetE ol S FF AR Aol
upe} xpo]7b v, Ertelotit ZErle] QA F 100 g
8.9 mg catechin equivalents(CE)Z X 1% th(13). & A+
o AMEE =4t A Feprle] F ZetE o= e
AEF 100 g F 1866 mg CEC. & Vrehtt). Zah]e] 4
713b Bt F ZepHico| = ko] WstE ARG A3t
A7} 28D A, F-E-E 14.74 mg CE/100 g, 0.05 mm
PE UE-Z47E 1624 mg CE/100 g & A %7]7to] 2ol
g} fo]F o2 st 2e 717l A2A % 28Y
Ao Fetiol= kS Hlwstd, FEFS 1843 mg
CE/100 g, T4 2] 7 20.50 mg CE/100 g & AF-&#] A
o] ZepHo|=o| FHFHT) folA o R we g fAlst
= AR Yepyton, FUg A% oAl Zeth
wol= FHFL 005 mm PE B E47} F-E 4] Bl
=7 YElytthTable 3). wab] E3ate] 2o 248l
o] Fepn|e] FetH ot FaF fAlol fEldk AR
wehe o

&Y

e

Glucosinolates &% ¥ 3}
ZeH] 9] GLSs T2 Fejet F9lof whet th2A Y
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v, AP ZEi] o] 739 Fel R dgo] 487t o &=t
@3). & Ao e A-Z YA F-ES £33 A4 Fep
o] GLSs &3S A A3, & GLSs &3 %7]gko]
6.91 umol/g©. = YEFSITE + & A 47]3F k9] GLSs
o] ke 17 2894 F-274-E 7.75 umol/g, 0.05 mm
PE UHBEZATE 7.59 imol/g o2 A 47| 7HEst WElr)
7] @skon, 7 f-5o| e Xt FoHQl A}
o7} gAith. A4 ] A=, AGE7IQ1 84UA| FE
2 6.84 ymol/g, 0.05 mm PE 25X T= 6.18 ymol/g=
M GLSs el slojx] A2zt Fo49 zkel= gle AL
2 Yehgon, A3717E et ¥gst A th(Table 4).
Force 5(26)2 ZEHH| & A& A7FA] GLSsY] ¥s}7} vl -§-
Atta Bty 2 ATl e A= 7] 194
ol Aol Gl Aoz Vel F2le] ¥ GLSse]
& Fo] YR HT} 1244, @R ETR= 2858 2 Wi 3FkA
91 glucoraphanin2 ol H]3|| o] =& 702 Hi %)
th2). & AollA glucoraphanine 7] %2 0.58 yimol/g =
Choi 52)°] B33} 025 ymoljgHthe =4 YEkon,
2327k 28U E91 0.60~0.75 pmol/g = 2713k F+A15FA
ok whHof A2 A 735 F71%F A 7%4A] glucoraphanin
o] vropx| = Zgko] b om xAgA e g Ao
T2 74| mlste] fHaFo] AAl et THdata not shown).
ZEHE 2Tl 5703t 7] A7%713F 5<F GLSsS] 7}
Abgolw WSz gl o] FAHE
isothiocyantes®] a2 7o) M3} ¢l Aoz Huy9]
t27). Ag7NEe A ng3 22 A A4z
sl M A 2Bl A 9] GLSs 3ol FAlEAY S35
1 o] A|EZFFo] & B EF o] GLSsC] myrosinase$} 3
o] Brlssle] AR Bl WRE] wEQd Aoz 4y

o 1o
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Fig. 1. Changes in weight loss rate of kohlrabi during storage at
room temperature and 4°C with or without PE film.

Vertical lines represent standard error of the mean (n=5).
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Table 4. Changes in contents of total glucosinolates in kohlrabi stems at the beginning and during storage at room temperature and 4°C

with or without PE film package

(mmol/g)
Storage period (days)
Treatments
Tnitial 7 14 21 8 56 84
Non-package 7.5141.3¢" 6.63£093" 9.92+4.49™ 7758279
RT
Package 6012040 S45:106™ 708:070%  707:090" 7.59:2.81%
Non-package 7.70£0.64™ 6.65£1.15" 6.65£0.88™ 790171 6.93£051™ 684173
4C
Package 750£1.38" 567139 546:1.08" 5.10£0.50™ 724172 6.18£0.52"
Temp NS NS NS NS - -
Package NS NS NS NS NS NS
Temp*Package NS NS NS NS - -

1 .
Walues are meanststandard errors of five replicates

"Means in a column with different lower case letters or in the same raw for same type of samples with different upper case letters were significantly different by Duncan’s
multiple rage test, p<0.05. Lower case letters relate to comparisons of the influence of different storage temperature and package within each storage day. Upper case letters

relate to comparison of the effect of storage days, within each treatment.
ING # ok dwk

: no significant or significant at p<0.05, 0.01, or 0.001 respectively.
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