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Changes in Quality Characteristics of Wild Root Vegetables during Storage
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Abstract

During the peeling, cutting, and shredding of wild root vegetables, the surface is exposed to air. This results
in a rapid deterioration in quality and an increase in the potential of contamination by microorganisms, both
of which reduce the shelf-life of wild root vegetables in retail markets. Thus, in this study, the effects of various
washing treatments on the quality of wild root vegetables, including lotus root, burdock root, and bellflower
root, were investigated at 10 and 24°C. Lotus root, burdock root and bellflower root were washed with 0.2%
acetic acid (AA), 0.2% citric acid (CA), 500 ppm acidified sodium chlorite (ASC), and tap water (TW), which
was used as a control, and stored at 10°C and 24°C. The changes in total plate counts, coliform groups, polyphenol
oxidase (PPO) activity, color, pH, and exterior appearance of the samples were then evaluated. The pH and
initial microbial contamination levels were reduced when the root vegetables were washed with AA, CA, and
ASC. In particular, initial population levels of total plate counts and coliform groups were not detected in lotus
root and burdock root that had been washed with ASC and their growth was significantly (p<0.05) inhibited
during storage at 10 and 24°C when compared to the control (TW). In addition, the polyphenol oxidase (PPO)
activities of the root vegetables washed with AA, CA and ASC were lower than that of root vegetables washed
with TW. ASC was determined to be the most effective treatment for preventing microbial growth, tissue soften-
ing, and the development of browning and an unpleasant smell. At 10°C, the overall qualities of the wild root
vegetables were maintained longer when compared to 24°C.
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MG A AAHo = o Ak 247y 0.2% acetic
acid(AA)(Duksan, Ansan, Korea), 0.2% citric acid(CA)
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S AolA B Avldta a1 FAHEY SR el A=
Ao =EHe 97t Hldete B AFdAe dA- 3
9, ZFAE 10°Ce} 24°Coll B3ste] 2= #folo|
=4 ¥ E A

AL A

A g} iAo g Alg 25 gs F3
5 225 mLe AT 0.1% peptone waterE £33t stom-
acher(Bagmixer 400, Interscience, Co., Saint Nom, France)
£ o] &3t 2w7F #Ast A7 T A7) ASHE 1 mLA
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Table 1. Change in microorganism numbers of lotus root with TW, AA, CA and ASC treatments during storage at 10°C and

24°C

Microbial counts (log CFU/g)

Temperature Day Aerobic plate counts

Coliform group

TWV AA? CA?Y ASC? W AA CA ASC

0 P462+001" ®384+0.06" £4.25+0.02° ND” P420+007" F387+0.01" P364+001° ND

2 P633x006" "5.73+0.09" "5.61+0.10° ND 5.39+0.03" 3.30+0.00° ‘5114004 ND

10°C 4 9728+004" ©6.47+0.02" 6.20+0.04 ND %6.49+0.00" "5.16+0.01° "6.02+0.00° ND
6 97274003 ©666+0.02" ©6.64+0.06" “P443+000° "6.62+0.06° ©549+0.01" "6.48+0.07° ND

8  P782+003" P7.38+005" P764+0.05" ©397+0.01° "658+0.01" "579+0.02" ®653+0.05° ND

10 #853+0.07" 48.09+0.01° “860+0.00° “P498+0.01° £7.18+0.05* “6.61+0.01° #7.27+£0.01° ND

0 P462+001° P384+0.06" P4.25+0.02" ND €420+0.07" F387+0.01* P3.64+0.14° ND

1 %653+003" “4.39+0.02° “6.07+0.00° F421+0.00 P540+0.03" F3.78+0.02° ©452+001> ND

24°C 2 B738+0.05" 6504002 P6.76+0.03" 3204000 47.34+£0.03" Y521+003° ©6.79+001" ND
3 57594004 £639+000° 47.33+£0.04° B576+0.00° “7.40£0.00" ©6.17+0.03° “P7.20+£001> ND

4 B751+001" B668+0.02° P6.80+0.01" ©5.47+000° 7.31£0.03" "6.45+0.02° ®6.81+0.02° ND

5 A844+0.05" “832+0.05" "7.45+0.06° A7.84+0.00° 47.29+0.00° 46.79+0.03" ~7.44+0.04* ND

1)Tap water. 20.2% acetic acid. Y0.2% citric acid. ¥500 ppm acidified sodium chlorite. Not detected.

Values are mean*SE (n=4).

A In a column and ““in a row means followed by different superscripts are significantly different at the p<0.05 level.
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Table 2. Change in microorganism numbers of burdock root with TW, AA, CA and ASC treatments during storage at 10°C

and 24°C

Microbial counts (log CFU/g)

Temperature Day Aerobic plate counts

Coliform group

TWY AA? CAY ASC? TW AA CA ASC

0 P477+001* F4.02+0.05" T4.14+0.00 " ND” F1.96+0.00 ND ND ND

2 560+0.08" "516+0.06" "474+002  ND £2.73+0.01 ND ND ND

10°C 4 i6.77i0.10a ]26.27io.02E 25.86i0.04“ ::2.95i0.023 23.98i0.01a ND 22.7&0.012 ND
6 7484005 P7.15+0.05> “6.69+0.01° £3.99+0.03 4.18+0.00° ND 3.20+0.00° ND

8  AM62+000° 7.69+0.00° P7.34+0.00° 5244001 P553+0.00° P2.06+0.00° P4.86+0.00° ND

10 A7.88+0.03" ~7.87+0.03" A7.714£0.02* P499+0.02° 4647+0.00° “4.34+0.06° “5.23+0.02° ND

0 F477+0014" P4.02+0.05" ©4.14+0.00° ND P1.96+0.00 ND N.D. ND

1 "545+001" "413+0.03" “441+013" "311+001°  ©4.01£0.01° ND "1.94£0.00" ND

2°C 2 Z6.75i0.06" i5.22i0.09d ‘26.90i0.055a 26.43i0.01; 26.06i0.01§ ND iS.OQi0.00b ND
3 6.92+0.01° ©6.83+0.03° 47.71+0.062° ©7.11+0.00 4.17+0.00 ND 4691+0.01* ND

4 B720+0.01" P6.84+0.02° *P755+0.16" “47.81+0.00° F1.08+0.03 ND €425+0.01" ND

5 794003 7.66+0.07" B8.25+0.02" P7.30+0.00° ND ND D234+0.02 ND

1)Tap water. 20.29 acetic acid. Y0.2% citric acid. “500 ppm acidified sodium chlorite. Not detected.

Values are mean+SE (n=4).

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

Table 3. Change in microorganism numbers of bellflower root with TW, AA, CA and ASC treatments during storage at 10°C

and 24°C

Microbial counts (log CFU/g)

Temperature Day Aerobic plate counts

Coliform group

WV AA? cA?

ASC? TW AA CA ASC

P6.28+0.00°

C 4+ a
10°C 6.68+0.02

—
S50 oA o

P6.31+£0.03* "555+0.01° "5.76+£0.00" F4.48+0.01°
E541+0.00° ¥5.15+0.02" F3.80+0.08°
P6.18+0.01° "6.35+0.00° °4.90+0.02
BR35+0.00° ©8.26+0.00° ©828+0.01" ©6.99+0.01"
49.12+0.03" P9.23+0.03" ®8.97+0.00° 8.08+0.01°
49.03+0.02° “9.44+0.00° 49.34+0.00° #9.39+0.00" ©2.94+0.04" ND

46.00£0.01* P4.77+0.03" ©4.77+0.01° “4.46+0.01°
A5.84+0.37" *555+0.00° “4.80+£0.00* P1.71+0.00°
26.47+0.05" *551+0.01" ®516+0.00° ©1.38+0.03
A597+0.08° B4.75+0.00° 46.45+0.02° ND”
B430+0.00° “2.87+0.01° P4.53+0.02° ND
£9.45+0.02" ND

24°C

QL W= O

P6.31+£0.02" F555+0.01° "5.76+0.00" F4.48+0.01¢
€820+0.01"° ®7.05+0.00° ®7.03+£0.00° F5.03+0.00°
B930+£0.01° #9.71+0.01* “49.47+0.00° 7.42-+0.00
295440.01* ©9.10+0.01" ©858+0.00° “8.84+0.00°
B9.13+0.02> P8.90+0.01° P835+0.00° #9.39+0.00°
B9.2440.01° P9.24+0.00"° ®8.94+0.02" ®9.17+0.01°

B6.00+£0.01° #4.77+0.03" P477+£0.01" *4.46+0.01°
A73040.00" P4.38+0.00° ®6.43+0.01° ©3.15+0.06°
B6.3740.14 ©3.64+0.00° 26.75+0.02* 3.60+0.00
B5.95+0.00° P1.64+0.04° “5.13+0.02> P2.23+0.02°
€306+0.02° £1.34+0.02° £3.83+0.04° ND
P1.92+0.02% ND F1.42+0.05 ND

1)Tap water. 20.2% acetic acid. Y0.2% citric acid. 500 ppm acidified sodium chlorite “Not detected.

Values are mean+SE (n=4).

AFIn g column and *%n a row means followed by different superscripts are significantly different at the p<0.05 level.
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Fig. 1. Effect of washing treatment on pH of (A) lotus root, (B) burdock root, and (C) bellflower root during storage at 10°C
and 24°C. TW: Tap water. AA: 0.2% acetic acid. CA: 0.2% citric acid. ASC: 500 ppm acidified sodium chlorite.
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Yol & AES VERAATH 10°Col M s AR 7|7te] A
of wel TW A2 7] pHe} ¥laste] A7 24 A 714]
o] &2l #Fol7t YElYA] kAW AA, CA, ASC A2+
AME A 29AFH ooz FHadte] TW Xe+
Hl w3l v pHE YeR itk Zakx|elA = 10°Ce} 24°C
BT AR 7IZke] Frhekel whEl pHYE 4skEEd], 24°Cell
A o 243 pHe A4S Yewgth(Fig. 10).
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M

AHE FAF AN THY ALzl 2 A%
H3lE Fig. 29 2tk 10°CollA] A9 =7] Lk TW A
2 6624, AA A+ 6835, CA 2]+ 6887, ASC A&+
70.88S JEY I AV 5 AT 1Y FAF <
0.05) zFo]= B ATh 24°CoAlM A% 2L A 7kA] A 2] He
F3g Aok YEA EkANE TW M2 & 3 de
L#e 27 2940l 65112 AA, CA, ASC A2t Blato
o g8 UEl A AR 7I7e] Aol whet TW X 8] +2
L#ko] fo&oz 7asty g AgrEe vt v
e UE AA, CA MY E st A3 2/ H=7t
g dFAsEE AL FAF = A (Fig. 2A).

FFoll A e 24°Coll A A% 2dAFE TW A 2]3tol| Hlsh
o AA, CA AT Litel freFo=z 4 Jeytn
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Fig. 2. Effect of washing treatment on L-value in (A) lotus root, (B) burdock root, and (C) bellflower root during storage
at 10°C and 24°C. TW: Tap water. AA: 0.2% acetic acid. CA: 0.2% citric acid. ASC: 500 ppm acidified sodium chlorite.
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A7 717ko] A gl whel AA, CA A go] 2

& WA
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A% 30 ol FF
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e S e
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ol Blste] PPO A =9] g0l wol dws oAsh=
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Q) 2ol 7k

ojztal At Hh

A9 27) Lgkoll thal 4712 Mgl A 69
ZA8FA 29kar, 10°C, 24°CoAl A A&7 7ko)
Aol whgl Lgkol

FastAT Ael kel felA A

o= UstiA ekskrh(Fig. 20).
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Fig. 3. Effect of washing treatment on polyphenol oxidase (PPO) activity in (A) lotus root, (B) burdock root, and (C) bellflower
root during storage at 10°C and 24°C. TW: Tap water. AA: 0.2% acetic acid. CA: 0.2% citric acid. ASC: 500 ppm acidified sodium chlorite.
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Zrell W& PPO B4 W3S B 10°CAME AF 694
7HA] PPO A E7} 7HAsithrt A4 71zko] Aol uhe}
CA, ASC Aol A PPO @A =7} thA] Z7leles AeS
yUetdlor 53] TW Aol 718 &2 S7H8S vE
Wik 28y 24°Col A= AR 7Izke] Ao e BE
Aol A PPO BT} 7H435 9 tH(Fig. 3A). =3 10°C
NMe A 2dA7EA AA, CA, ASC Aol TW A2+
o] ¥t PPOS A E7F 794 (p<0.05) 2.2 WA e
SOy A7)zre]l Al wep At 1] Aol= AA
YERA] itk 28y 24°Coll A= AR 5L /7 A TW
AgTo] AA, CA, ASC Aol vlste] FoHoz £
Yel} TW A2 2 3 928 2o 4SS 22 98
AMe Aol WAHEF] A olgtal Ats )

¢-Joll 9] 27] PPO B43t-& TW, AA, CA, ASC A&
o 247} 2085, 1455, 1592, 1804 unit/g o2 TW A&

H&}e] AA, CA, ASC Al Z5F 23 o2 PPOS &4
S 333, aF AA AYTOA M 2 a9 8
th(Fig. 3B). $-9& 10°Coll 1447 A& Az, TW 2g
T E AF 104# 7R 27100 vt 82.25% PPO &4
o] AIH YL, AA T 90.03%, CA A2 94.02%, ASC
AT 39.72% A = o] AA7)7bel| whE AA, CA A
o] PPO &4 A &37F vebsth 28y ASC A2+
A% %71 TW A3 Hlwste] PPO 24 AAAd
Ade 2] A7) Aol & A a3 24 4%k
th weEbA] G A = AA, CA Aelwtrlo] Z7]¢ PPOS]
PRk ol gl A7 St ® A E R}
& Ao 9 A9 AA, CA A7t
S ¢ 5 9191@ JEM 2A4°Co M &
Z HolA| gForh.

SgAY %7] PPO A2 4714 AT 7o folF el
zpo]7F YRR egk o), 10°Coll A= #7429/ FEH TW
9} AA, CA, ASC 7te] 6917 zto]E B QI 24°CoAl M=
AZ 77kl whel A2l ko] PPO 249 2ol YEhA
ArtH(Fig. 30). o]9} & At =ahx 9] 9 B A7)
Al AHERE AA, CA, ASCell 9J3llA PPOS] &4 sl 9
A 2olZ kx| ke Ao g YEhton o= AA, CA, ASC
of ofa ARyt AAE A 23 Arels dRshe Ao=
UERR T

a=

TWe AA, CA, ASC A& & 4714 SA1/F5 10°CS
24°Coll A7gshas 229 A= WHslE g

=Nl
°L°}X]“P ™ ﬂﬂﬁﬂ' —?— 10°Cell Ag A
F9 A0 2 (p<0.05) A3t AHFig. 4A). 9 <
717k whek 78‘_‘-:_7} taste S eI 4714 A
gl w2 {2 atols YEhA] &gkt 10°CR =

l‘_ a

24°Coll 9] A= ago] =4 Jebyt=ul(Fig. 4B), ol&
HAEe] 202 Qs Fuj7} &=l pHF 543 wo}
AWAA Z2 ] dA3t7t wz2A Jepd Aot AZE
F 2ol ZVWVPOH wet AE7t 54
< Y ET, 10°CeF 24°Coll #]4-5
ZZ8A 25 AA Aol 7 vAZigi BE7t e 7
g YE At (Fig. 40).

TXE| 27| 22EE Bt & FERA| 7|12
o] @ st= 2nAHE 0] Xﬂﬁ‘% A9 o 7 T3 &
2 HErt HEZ ve Fasith & AFelMs TWSE AA,
CA, ASC A& 3 47FA ZAFE 10°CY 24°Coll A7}
A Yehes od £ HEE ARG 2AFE A
sto] ZAAR A 0dAel F-o] fAEH= AH7HA 9
AH a3E dlstda A7 Tt vEive o] F
AWstE Bgste] FARFA 7170S 2 AHTable 4).
AZS FHABA 10°Cell 435 73—?— TW Agae A%
8AA7HA] A el 2w A B o] FH7F AAHJA T,
24°Cell AR 9 A7 39A 0] HH AlFE HAE o
7] AlZFskar we] vk=7] AlEsk T AA, CA A2l 9
A 10°Cell A A 8L A 7HA] moll W= Z2W d4de] yehy
A kol ej@idel FEo] AT £ ASC AT
o% 10°Cell A A7 14Ld A 7HA] ofade] 23 8l 229
T @4l YA ot A2 F2& A= 471
1] XJE]—E T 7 aRF Aoz YEEt
AP 99 271 2@ Wslhe AA, CA ATl
TW A 2ltel] vlste] ¥ A3 Yehl $-99 7] 2is
AAlst=H 37t e Ao YEREAIT AR 7|30l A
woll whe} 2w o] dojubdA 37k Aol A o] & ¥
3} Zpol= Flo] YEhA it ASC Ao 45 =
71 2 AR 713 o] Agell w2k TW, AA, CA 2]l wlst
o 27o] MHs] E¥A= A& Hehl ASC AE)7} A
& dAlst 249 29S dAlstet a3 RAeg A
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Table 4. Quality retention period of wild root vegetables

Quality retention period (day)

Sample 10°C 24°C
WY 8 3
Lotus AA? 8 3
root CAY 8 3
ASsc? 14 4
TW 4 1
Burdock AA 6 2
root CA 6 2
ASC 8 2
TW 4 1
Bellflower AA 4 1
root CA 4 1
ASC 6 2

1)Tap water. 20.2% acetic acid. Y0.2% citric acid.
Y500 ppm acidified sodium chlorite.
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Fig. 4. Effect of washing treatment on hardness of (A) lotus root, (B) burdock root, and (C) bellflower root during storage
at 10°C and 24°C. TW: Tap water. AA: 0.2% acetic acid. CA: 0.2% citric acid. ASC: 500 ppm acidified sodium chlorite.
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