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ABSTRACT - The purpose of this study was to investigate the effect of the microbial reduction and quality maintenance
of the physical and chemical pretreatment of Allium monanthum. For physical treatment, handwash, bubble wash and ultra-
sonication were conducted at 50°C and 60°C for 1, 3 and 5 minutes, respectively, and for chemical treatment the sample was
immersed in fumaric acid and acetic acid of 1.5% and 2% concentrations for 1, 3 and 5 minutes, respectively. As a result of
the microorganism and quality analysis, 3 minutes of bubble wash was the most effective physical pretreatment in reducing
fungi although the effect on reducing total viable bacterial was small. Furthermore, 5 minutes of ultrasonication at 60°C sig-
nificantly reduced microorganisms, but also resulted in the reduction of the a value of chromaticity, which cause the green
color to fade. With chemical pretreatment, it was found that treating with fumaric acid was more effective in reducing the total
viable bacteria and fungi than acetic acid. The result shows that 1.5% concentration of fumaric acid is the most effective with
3 minutes of treatment time. The quality of Allium monanthum were compared in the combination of the two most effective
microorganism reduction pretreatments: 3 minutes of bubble wash (B3) and 3 minutes in 1.5% fumaric acid (F153). As a
result of analyzing the quality characteristics over 9 days of storage at 4°C after the treatments, it was revealed that the BF
treatment is more effective in reducing fungi than the total viable bacteria. The results shows that the BF treatment is more
effective in reducing total viable bacteria, whereas the F153 treatment is more effective in reducing fungi. Also, it was found
that the AE value in BF was the lowest, whereas F153 treatment showed the green color faded. The maximum cohesiveness
changed more significantly in the green stems than in the roots. On the 9th day of storage, the hardness of the green stem was
found to be maintained at the highest level (P<0.05) after F153 treatment, whereas that of the roots decreased (P<0.05) since
the 6th day after the bubble wash. Considering the reduction of microorganisms and the quality maintenance of Allium
monanthum, the most effective pretreatment methods were 3 minutes in 1.5% fumaric acid for reducing microorganisms and
maintaining color and maximum cohesiveness, and the combined process could also be effective if the expiration period is

within 3 days.
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Materials and Methods

Y a2
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g dAe WHS =2F
o] AAJstAtt. = —’S
MAa 5L 271 1% < SEHA %, ]E?—i s Xﬂ
Azttt =214 Aol = HE AlXF Ultrasonication
2 AlF3sla, W& MAE-2 Hydraulic bubble press (SST-100,
south star trading Co. LTD., Osaka, Japan) (68x160x70 cm)&
o] &3}, 18, 3%, 5% 5 AAISH AL, Ultrasonication
A2 Ultrasonic cleaner (WUC-D10H, DAIHAN Scientific
Co. Ltd., Wonju, Korea)& ©|-&3}o] A|& 2] =5 50°C
o} 60°CE thFo] ZHzt 132, 3%, 5% <t AlF s
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Interscience, Bretéche, France)Z ©]-&-3fo] 587+ 72 3}s}
Atk YuAIF-S petrifilm aerobic count plate (AC, 3M)Z
o]-g&ake] 37°CollA] 48A17F vt o, Wi F petrifilm
fo A= 3 Z(colony)S A3+ log colony forming
unit (CFUY/g22 YERATE B3t E. colis= petrifilm E. colil
coliform count plate (EC, 3M)E ©]-&3}o] 37°CollA 484]
ZF wFsiaTh g = 71EE 7R gE JAlE E
coliZ, 71X5 7k WM #Al= FHLE ATt
fungi= Kim'9%5<] A+ Wi wa} petrifilm yeast/fungi
count plate (YM, 3M)oll 25°CollA 59 wiFsiaich. w <k

Qo] A3 BHEG #AE FHo] FHLE ATt

‘RiE‘r.

Hunter value

A 5= AR (Color 17, Xorite, Grand Rapids, USA)E
o]-g-3fo] 3ukE =3} L, Lik(lightness), a%t(redness),
b#k(yellowness) 2.2 YERNSI T ojuf A}8-3F MxpAIQ] 7
= W] gk L 9937, a 0.1, b —0.14
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Table 1. Proximate composition of Allium monanthum (g/100g)

Results and Discussion

£ A= Table 19 Y
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Table 2. Microorganism analysis of Allium monanthum according
to physical treatment (log CFU/g)

Treatment"” Time (min) Total viable bacteria Fungi
Control 5.6+0.0%? 4.6+0.0°
1 6.1£0.0° 2.940.1°
B 3 5.8+0.0°¢ 2.4+0.12
5 5.7+0.0¢ 2.2+0.2¢
1 6.3£0.0* 4.6+0.0*
USS50 3 5.7+0.0¢ 4.5+0.0°
5 5.5+0.0" 4.2+0.0°¢
1 5.5+0.0" 3.9+0.0¢
US60 3 5.4+0.02 3.9+0.0¢
5 5.3+0.0" 3.6+0.0¢

" Control: Wash by hand shaking in water for 1 min, B: Bubble
washing, US50: Ultrasonic cleaning in 50°C water, US60: Ultra-
sonic cleaning in 60°C water.

2 = Different superscripts indicate there are significant difference
between values in a same column according to Duncan’s multiple
range test at P<0.05.

Moisture Crude protein Carbohydrate

Crude fat Crude ash Fiber

88.61+0.65 0.96+0.08 0.36+0.06

2.40+0.19 7.66+£0.56 5.01+0.10
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BX1819137, Ultrasonication X8 Al AlH¢ L£2=
50°CSF 60°Ce] = 271X AAIEIATE Table 29t 7ol
HE MHE AgAzto] Aojd,s dvAl+zt 380]7t
F7F AN WS AEHA ¥k 2y tix
3 ¥ FS w IS HE AlFA o S7FsEA
3, FFole] A BE HEAIZrA 2 log CFU/g A%
2 e ARbAle] A Mg Agke] S

Ultrasonication A2 2] -2~ 50°C M| 4oA A=
] A7 37 = ukAlFe] 7t 2R Bk
o1} 58 A Aole 2R 0.09 log CFU/g 74
3ttt 23y FFolE Ultrasonication 13- %] 2] H-E o
ZTET A BHE ol AgAgbe] SRS 0]
7F frelA o2 Fhasiion, 5% A Al iR ET} 0.38
log CFU/g7} 7323133t 60°C Al & 4=l A] Ultrasonication
A Aol BE Mol tixtiet IukAlFat
Fol7t fadte A#E el en. e A rlgtelet
st et 50°C AlE R mdE Az 237t 7] 5E A
oA} LukA| S thEEETE 025 log CFU/g 743k
3, F3olE 1.06 log CFU/g A3ttt &, Ald4 &
E7F 60°C o 50°Cell ®la] LwkAlE-S 3%, HFol=
17%2] A7 &35 A7

=83 A Wy ke mAE F/E A% 294E 9
W BH W& A2 o] Ultrasonication ]2 K.t} &3] 7+
Aols & 37t Ao, kAl Adels 237t gl

o] AAAQ nAE 7+42S 78 3FS Wl Ultrasonication
A 60°C7F &Aoo, M r[7ko] AojAFE A
7+ @37} =4 YeRd Ultrasonication 5% 2] 2] oA u| A
B A 237 P sk 2y dukdlae] A7 &
Ie= Al A 25 & 2FE UeiA Esto &8 §
g4 W9t Ao = Fdo] A a3F Rl HE AFH
3E AYE 4833

Hunter value:x L, a, b3t2 2 JERJO] Table 3¢ }e}l
Wtk 2214 A WHE LgelAs 28 7F &Fel7t /L
Rom, WE AlFe] A9 AHAzke] 71 5% AElolA a
ol 9k S7FsEA AL, bake A7l AIZPE AFel7F YR
A ATt agtel F7He] omle A9 a4 AgS U
Bl Aoz MF AlZte] 71 58 HEdAe EEle =
Aol 27 A E A4S E At} Ultrasonication 2]
AMe T & 27 BF Latd barol Mg Alzkd
2k 7F G 50°C A& ol = agkell A= A2 Al7hE
2ol 7F gll e}, 60°C M Z71o A= A ATkl 7t
21 5% ARlA agtel STkt AES Ho FAo]
kA= e & F ANTH

o]e] Aol EuF A WEH AgAite] g
o] Al AA FFS VAA &= R Yewth o
2A] E8-8hehd We A7 A2 E vAE A4
3ol A 2t =94d HE AlF 35 S AP T
2 M) AEFe] 7MY 22 WE AlF 3E AE A
&staict.

3P Mxd] xat
sietq Ao mAE A7 aHE Folrr] $13hd,
acetic acid?} fumaric acid®] 714+ o]&3le] 242} 1.5%

Table 3. Hunter value of Allium monanthum according to physical washing treatment

Treatment" (];::;e) L a b AE
Control 55.01+£0.39™ -2.28+0.08" 9.59+0.17* -

1 55.15+0.22° -2.23+0.10° 9.73+0.11* 4.47+0.08%

B 3 55.234+0.43° -2.29+0.05° 9.92+0.38" 4.28+0.05°

5 55.06+£0.34* -2.05+0.02° 9.59+0.10° 4.58+0.17*

1 54.724+0.24° -2.19+0.02* 9.69+0.13° 4.40+0.00%

US50 3 54.93+0.23% -2.2140.05% 9.71+£0.05* 4.43+0.07%
5 55.21+0.42° -2.19+0.16® 9.70+0.16" 4.45+0.13

1 54.90+0.68* -2.2340.11° 9.60+0.54° 4.45+0.27*

US60 3 54.90+0.19° -2.25+0.01° 9.70+0.08" 4.46+0.03
5 55.10+0.33% -2.1240.12% 9.53+0.03* 4.36+0.07*

Y Control: Wash by hand shaking in water for 1 min, B: Bubble washing, US50: Ultrasonic cleaning in 50°C water, US60: Ultrasonic

cleaning in 60°C water.

2 =b Different superscripts indicate there are significant difference between values in a same column according to Duncan’s multiple

range test at P<0.05.
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Table 4. Microorganism analysis of Allium monanthum according
to organic acid treatment (log CFU/g)

Treatment"

Total viable .

Concentration ~ Time (min) bacteria Fung!
Control 5.6£0.0™ 4.6x0.0°
1 5.7+£0.2° 3.9+0.1°
1.5% 3 5.1+0.1° 3.6+0.1°¢
Acetic 5 5.1£0.1° 3.6£0.1™
acid 1 5.240.0° 3.9+0.1
2.0% 3 4.5+0.2¢ 3.6£0.1™
5 4.5+0.1¢ 3.7+0.0%
1 5.7+£0.0° 2.6+0.1¢
1.5% 3 4.9+0.0°¢ 2.4+0.1"
Fumaric 5 4.6+0.2 2.540.1¢"
acid 1 4.8+0.1° 2.8+0.2°%
2.0% 3 4.9+0.0¢ 2.6£0.1¢
5 4.6+0.2¢ 2.5+0.0°"

! Control: Wash by hand shaking in water for 1 min.

2 =D Different superscripts indicate there are significant difference
between values in a same column according to Duncan’s multiple
range test at P<0.05.

9} 2% g S 187, 387, 52 Fok A M3 &
vAAE A4S Table 4] Yep it
slsta A2l S xS 23S BE Aol
A BHE Ho A7 235 4] oE i, acetic acid
A2 Al RbAlS A T8} AJ7bo] FUHETE 9
Aoz Tadte eSS YEFHATH(P<0.05). Acetic acid
1.5% &A= 323 S AT oA dAle3} F3o]
T7F 97 Zpol7b HolA] ot A A|7be] 37 o]t
A AE A a3t 2 e & 5 AATE ==
TETF =2 2% &0A A 23t o e, 383
58 XA 494 xo)7t 91O acetic acid 2% £,
35 ZPollA kAl e tixFHE Y 1.06 log CFU/E, &%
o] 1.02 log CFU/g 7} #Faste] AwtMlgzt &3]
gk A7 2FHE FAO JERHAAL, S AE] 27elA
714 s E ik Al A7 @35 YW ERA acetic
acid 2% &) 1.5% & s A7 a37F 12%
Sttt

Fumaric acid £ Ao+ vk}t 3] o+ A
2ol freldel a3 AJAET(P<0.05), 1.5% & oA
= 1% A A dizTel vls] dekalte] Az a3t
Aoy 35 e 0.72 log CFU/g 7289, 5
B 2o E 1.09 log CFU/g ZHaste] A 2]A 7k S}
w2 foHQl %
B A% 2 log CFU/g 7V7ke] %

_VH
off

A a3 Bk w3l Aol |
At & A7 1

#5 B3], AgAzte] F7Hste] e {24 Aole
Holz] gfo} 14Ee] AHRtegx Fgo| x7te] aabz gl
S & 4 AU} Fumaric acid 2% SYoM= 1% 7+
& AIZHERRD 1aE A 2]eF BlaL Al ARbAlE 71 0.86 log

st A {F714F 899 s Skek o
WAl F7F oA o8 Fhastke As o 7 AT A
A7kl whet YukAle i AaskdEt, 123 3% A
oA = freld zpol7F gldloy 53 A7l Al fFolde
2 743l 1.14 log CFU/g ©] #Aastint. 3ol 4
T AgAlzre] 13t ®Boh A4S o] #7F H HAskad
O} 3 5 Ao {93 Aol HolA] Attt

o]e] AielA stetA] Aol & wABE A7t aF
+ acetic acid Bt} fumaric acid’} 234 ¢]™ fumaric acid
A NS ALEF S o AnkaFF Zgo] BT A7+ F
7F ARIL 53] Fgo] Aol vs adA ot F3
o] A7t &3} fumaric acid £ F=L X2 Al7ke] w
2t & Aol7F Sl Ikl A2 17 A2 Al 1%
Hrh= 2% A2)7F &0, AgAIgte] 32 o)dd
7j—°r 714 w5 o3 Zole gtk 38 A

Z FHAo W2 F71 T vAE Aol a3A <
fumaric acid& AHE-3}aL, 38 o]/ AHE Al7telA 9
2 zpol7b glo] 3% AE|7F a&FolH, A &9 F
T 3% YA sEEH FoAE HolA] %o} g
4 Hsts 18T 0 1.5% §He = HEskes W
7+ _g_%x% 9S o & oiq,

s13t4 Ao wWE geje] Mx W3k Table 53 7
t}. acetic acid A E]2] A% A7+ w=o WE L3 #
Abste] Sk 735k ‘JrE‘rUrX] SOk, aft¥ bak o
Z7ol B8 acetic acid 1.5%, 13 @A 5E ztz}
0.46, 0.647F S7FSFAL o] F F714F &4 Fud A A
7l mE 2 zpolE HolA] FUth 17 T & AR
AN T thzFe AMzF AAS B 23 AES BE, {74k

T 18 AA WslEo] 7 AL 383 58 A
ANx= 2 Ze|7t fIATh. fumaric acid 2] e] 7-9-ol| A
T golo = A Akl whE gl Ao {4
2ol = %ggz] kot tlzel vl Al 1.5% 1%
A ollA Lk #sht fle v a 32 026 bk 0.9
S7FIRAL o] % A7 A7 FUtel wE frolA Wske
2b7] A A 2% SAX = o]k 7§5<}% Zeton,
A AA 7ke] WHiElE Yehl= AE + fumaric acid 1.5%,
35 AEodlA 4.082 7Y 22 AAE BT

e E7, 35 dAEe] mAE AL 2ot g
el A WstE aEste] WY A 2UEE YA
W T wge] Azl EER HE Al FA A=
W7t 22 3% AP E AL, s Azl =
AWbAl 3} Fgo] Agtel] e a9E Ueille 92 F

=9 fumaric acid 1.5%%E F714C2 MdElstlom, Az

l->
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Table 5. Hunter color value of A/lium monanthum according to organic acid treatment

Treatment"
Concentration Time k 2 b AE
(min)
Control 55.01+0.39%2 -2.28+0.08" 9.59+0.17¢ -

1 54.24+0.18¢ -1.82+0.05% 10.23+0.39" 4.40+0.12°
1.5% 3 54.50+0.09" -1.77+0.02° 9.98+0.06° 4.18+0.07°%f

Acetic 5 54.72+0.32%¢ -1.81+0.05% 10.32+0.222%¢ 4.19+0.03%
acid 1 54.67+0.26" -1.810.02® 10.18+0.20% 4.37+0.03*
2.0% 3 54.63+0.15%¢ -1.76+0.01° 10.27+0.03% 4.26+0.10%

5 54.47+0.14% -1.87+0.04% 10.22+0.19% 4.28+0.01%*
1 55.01+0.55% -2.02+0.03¢ 10.49+0.27" 4.12+0.14%"

1.5% 3 54.69+0.05 -1.89+0.04% 10.28+0.16° 4.00+0.02¢
Fumaric 5 54.77+0.15%¢ -1.87+0.02% 10.38+0.11%¢ 4.12+0.09%"
acid 1 55.12+0.11° -1.97+0.02¢% 10.60+0.11% 4.08+0.04¢"
2.0% 3 54.99+0.38% -1.94+0.08 10.27+0.15% 4.05+0.02%
5 54.97+0.10% -1.95+0.02¢ 10.39£0.04% 4.15£0.08%f

" Control: Wash by hand shaking in water for 1 min.

2 =2 Different superscripts indicate there are significant difference between values in a same column according to Duncan’s multiple

range test at P<0.05.

Table 6. Changes in microorganism by the storage period of Allium monanthum according to pre-treatment (log CFU/g)

Treatment” Storage period (days)

0 3 6 9
CON 6.2£0.132% 6.5+0.0* 6.0£0.1° 6.10.0%
Total viable B3 6.1+0.0% 6.4+0.14° 6.1+0.15 6.0:£0.05
bacteria F153 5.940.1 6.4£0.1° 6.1£0.1% 6.2:£0.0%
BF 5.6+0.14 5.5+0.178¢ 5.3+0.1¢ 5.5+0.15
CON 5.0+£0.082% 5.240.1% 4.6+0.1% 5.2+0.1%
Fungi B3 4.9+0.2% 5.040.1% 5.0+0.14° 4.6+0.2%
F153 4.9+1.9% 4.9+0.1% 5.3+0.1% 4.2+0.2%
BF 4.9+0.1% 5.140.1% 4.6+0.2¢ 4.9+0.1%

" CON: Control, wash by hand shaking in water for 1 min, B3: Bubble washing 3min, FA153: Immersion in 1.5% fumaric acid sol. for
3 min, BF: Bubble washing 3min and Immersion in 1.5% fumaric acid sol. for 3 min.

DA€ Values is different superscripts in a row are significantly different (P<0.05).

924 values is different superscripts in a column are significantly different (P<0.05).
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Table 7. Changes in Hunter value by the storage period of Allium monanthum according to pre-treatment

Storage period (days)
Treatment"
0 3 6 9

CON 56.00£0.4142) 56.08+0.36* 56.06+0.674* 55.75+0.75%

L B3 55.58+0.30% 55.5340.1242 55.18+0.414° 55.67+0.2442
F153 54.99+0.34%¢ 55.49+0.80% 55.56+0.844 55.08+0.444

BF 55.99+0.3948° 55.63+0.17% 56.71+0.5942 55.424+0.328

CON -2.09+0.212% -1.57+0.09% -1.21£0.224 -1.16+0.13*

B3 -2.09+0.06%° -2.08+0.03%° -2.09+0.05" -1.76+0.03%¢

a

F153 -2.15+0.05" -1.99+0.11%° -1.65+0.02"° -1.85+0.11B¢

BF -1.79+0.03“ -1.73+£0.10% -1.31+0.14% -1.51+0.05%

CON 10.45+0.34"22% 10.24+0.16* 9.99+0.24" 10.14+0.36"
b B3 10.10+0.138B= 9.99+0.04482 9.84+0.28" 10.32+0.284
F153 10.01£0.134° 10.00+0.56" 9.810.60* 9.79+0.24**

BF 10.41+0.15%® 9.92+0.27482 10.25:+£0.2248 9.87+0.35%

CON - 3.68+0.09"° 3.38+0.23"¢ 3.35+0.19%

AE B3 4.23+0.074° 4.23£0.04" 4.33+0.08" 3.88+0.015
F153 4.40+0.05" 4.21+0.22" 3.92+0.13"° 4.13+0.10B

BF 3.90+0.02%° 3.89+0.06"° 3.52+0.07 3.72+0.16%°

" CON: Control, wash by hand shaking in water for 1 min, B3: Bubble washing 3min, FA153: Immersion in 1.5% fumaric acid sol. for
3 min, BF: Bubble washing 3min and Immersion in 1.5% fumaric acid sol. for 3 min.

248 Values is different superscripts in a row are significantly different (P<0.05).

92 Values is different superscripts in a column are significantly different (P<0.05).
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Fig. 1. Maximum cohesiveness (Texture) of Allium monanthum
green stem (A) and white bulb (B) (g/m?)

) CON: Control, wash by hand shaking in water for 1 min, B3:
Bubble washing 3min, FA153: Immersion in 1.5% fumaric acid
sol. for 3 min, BF: Bubble washing 3min and Immersion in 1.5%
fumaric acid sol. for 3 min.

D¢ Values is different superscripts in a row are significantly dif-
ferent (P<0.05).
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