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Abstract This study aimed to investigate the storage quality of Saegeumgang wheat under plasma
storage with different packaging methods. Wheat was stored at 4°C with ozone concentrations of
350-500 ppb for 8§ months using gunny sacks and vacuum packaging. Microbial analysis revealed
that gunny sack packaging kept contamination below detectable levels (<10' CFU/g) for up to 5
months, while vacuum packaging was more effective at suppressing mold. Moisture content
increased over time, likely due to high humidity, and fat acidity rose to 34.30 mg KOH/100 g, with
no significant difference between packaging types. These findings suggest that vacuum packaging
in a plasma storage environment effectively inhibits microbial growth in wheat. However, further
research is required to optimize storage conditions to minimize moisture accumulation and lipid

oxidation.
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1. ME

Y(Triticum aestivum L.y &, S50t A AA 30 2 A& F shvtz o 2yt
190 2 W AMFE 357 ke W, 34 5 Ui AR R AT ok 1au
W WA 4ol o5% ol4g 4qlo] SlEshT glosl, AFEE LI%E oins we Boltt
(Ministry of Agriculture, Food and Rural Affairs, 2023). @A <A @ AFE T4 © 46| &
s A, AW 5 S A 5 IR ofyt F43 A AMAS IRt Rt At
APHIL AHKim 5, 2022).

Uit B3 AE AR E85h] YsiAe o & &4 B0t oS85t SRRt E
T A7) H oY, AAutet FA @)t Szt o] FojH, tfREE I FTIOIA Ax
T 7 Y=, St A7HA] thFE GRE o] AEI Y= A7Folth(Son T, 2014). A%
1 o= T B vBE ASo= s F4o] Askd £2{7F 3leH(Schmidt 5, 2016), 2]7]
271 5 83T =AY £ wet £ "I 8E 5 Ath(Awol 5, 2024; Yoon G,
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2007). =tolA HiEE G Ao o2 4 540 A3t A
B e e} AFdE Aol wE gl 37t 5 olekekE
Hstof #et W&ol S4(Son 5, 2014)0]1 0, HBE &
Hato] e FE EA BE A4t mEe Aot
2010t o] ¥ & EetRubE S83t FAE A 7]&o o
gk o] 0] kst ok EeEvk= 71A|of Y A7}
7hel| A ol 21} MR 5o 2 FeH AHE dvEos 49|
Al 44t GFojzint. o] oA ol ARt 5Y
o 2 EAste W78 EFAAHE FAsH A71HEA
of mj-&- At} Eet2ub= ohd YA Qo= BheAo] =2 &
4 AT A9A 52 EFstL Qlof, 24, 3k A7
£ BA9 3T & Qe 7IeR 37 Qith(Du 5, 2024;
Lee 5, 2017). bRt S70] E2vE &8sto] 47 4 1
7FEY PAE AAE R At A%E AlEle Yoy
(Charu 5, 2024; Lee 5, 2023; Woo 5, 2017), 9] A4
e 9% B0l 48 ATE oA ojolAA] e
Aol
g 9 7z
T s B
Aol W ulgE 4% s, A7} s}
£ BHA Shlck
2. Mg ¥

HfEH
od

2.1. g & A
2 Ao 289t 22 AFT F5oR HEtd ke FolA
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Fig. 1. Plasma system (A) and ozone concentration
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shas}

=2 0

Al 2 S8ksto] ARESHRIT & Aol
2 1137%% o 2o 22 9 X35
o 747} 14.63, 1.62 D 1.69%th Aol AL&3H A]
u| A2 B4 A] ARE3E B A= total plate count agar, YM agar
& Difco Laboratories(Detroit, MI, USA)ALOIA] Q5] AR85}
At ARFAE}F EAjof A3 benzene, ethanol, phenolphtalein,
potassium hydroxides= Sigma-Aldrich(St. Louis, MO, USA)

o4 TYsto] AFEBHT.

F

22 BY ¥ HF FH

gt W U viAR(E S| 22, 45466 cm, 20
kg) 9 ZFEZA(polyethylene bag, 2 mL O,/m*/24 h at 0°C;
20x20 cm; Sunkyung Co., Ltd, Seoul, Korea)s}o] Z&t=u}
9 A 2A AL Bysto] 247t 1, 3, 5, 871 Aol AlRE A
39 2asitt. £ AR DS A ATY Fakz
e dFAJSEE FA)A 29 $U S0 A-A
292 BRI AL D7l 624326 mi(Ao]xTx
EODE F 38 m’Q] Fuo| T Yol SefRut AL 7k
7 Q. Befzo} A2HE 24 249 Wt 05 NO, NO,
5ol BAEEH, & dFolAe 2AxAS £Esto] &N
HARES 2409t Beznt ALde] $Re 52 7]
oA AA AL oF 525 FAIHIL YA 2952= FAE
Zre A o g 2AsHH o] o, A% yRol oE
BEE 9F 350-500 ppbS FAISFA O H(Fig. 1), %+ 4°CH
oh Bl A 91 dRE AAE S5 g S5A
7 U ALARILEO)E ol&stSith AL 7= 8x
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5x2.8 m*(ZO|xZExE0)& oF 112 m*2] F3o]1 Hlo]E ZA
L Testo Co.(Gewerbestr, Germany)ol| 4] 174H &2 i3}
of S4Z oL, 871 BQt 1.0-4.5°C] #Uet 255 |§A
5} tH(data not shown).

Agz70l uE 1o vE A5 WakE oty fste
il 30| 5 S &, A= 3 gofl B d
A1 H42(0.85% NaCl) 27mLE 37}3t 5, Bag mixer(Model
400, Interscience, St. Nom, France)E o]-&s}o] 120%7F &3t
3}9ict. o) 104 SAHS AHg3to] SAeE 84S total plate
count agar(Difco Laboratories)2} YM agar(Difco Laboratories)
of sttt RAE 42 BE T widRo] weh Rt
D71/ mIABES 35°COA 4817, ol 25°Co]Af 5UZE
Hjget & A5k

S

Aol e We) sEde § WA} wske 28l
otk W FA10] SEIFES AOAC(2000) HHol 9Jsta] 105°C
ARpleAzoR 24sleih AHHzIe] A$ HHRAOAC
Official Method 939.05)2 9 M sto] ZA519THKim <,
2007). Z B3 U 20 gof| 50 mL benzeneS 217 302 Xet5t
of §8 A4kE =5 olF YAEE (5,000 rpm, 104)
oo} A5l 25 mLE 3t &, 559 alcohol-phenolphthaleing
E5ke] 00178 N KOH §902 BEAS 9 u7px] 15}
of AFEStlon, 1 AR et 2

Fat acidity (mg KOH/100 g)
= 10 x (titration - blank) / dry matter weight

5 A 24

w2 A9 33 ¥HEo g AA|Eo] Pyl REHAE Y
B oA Adojd A= SPSS 12.0(Statistical
Package for Social Sciences, SPSS Inc., Chicago, IL, USA)
n2IRe olgslo] 2t 4 7 R4S
Duncan’s T 9] 77 (Duncan’s multiple range tests)= =
o A2 29 AolE pe0.0s FEAA LA

s =
3% 5,

3. Zit A JIH

3.1. 085 4= B
AApao] M o] e 4L WSS Table 1 2 2]

by, Qe e BAAT A% 2710 458 olsh

(<10' CFUi 900, A48743 w4uhgo] wat ujge 4
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Table 1. Total aerobic bacterial counts (log CFU/g) of wheat
under different packaging conditions in plasma storage

Storage period  Packaging conditions

(month)
Gunny sack Vacuum

Control 0 - B

1 1.55£0.13%° -

3 2.17+0.09° 1.73+0.05

5 2.26+0.08° 1.88+0.03°

8 3.48+0.08" 1.8840.03"
Plasma 0 > B

1 b c

3 R 1.66+0.22°

5 > 1.90+0.05°

8 1.63+0.13° 1.9240.03"

UNot detected (<10' CFU/g).

YAl values are mean+SD (n=3). Different superscript letters (*%) in each
column indicate significant differences at p<0.05 by Duncan’s multiple
range test.

Table 2. Mold counts (log CFU/g) of wheat under different
packaging conditions in plasma storage

Storage period Packaging conditions

(month)
Gunny sack Vacuum

Control 0 e A

1 1.90+0.052¢ E

3 2.17+0.09° 1.36+0.10°

5 2.33+0.07° 1.88+0.03°

8 2.72+0.02° 2.25+0.07*
Plasma 0 > K

1 b d

3 R 1.66+0.22°

5 > 1.90+0.05"

8 2.05+0.14° 2.3940.06°

"Not detected (<10' CFU/g).

DAl values are mean+SD (n=3). Different superscript letters (*°) in each
column indicate significant differences at p<0.05 by Duncan’s multiple
range test.

=o| 2jo|g Witk w2 Al dut A2 A% 1714EH
ojEo] &gt Wi, Eet2ut A% SAHETA = A&
o]5K<10' CFU/g)F ot} 87§ Z}oll= 1.63 log CFU/g A&
HArh JAFEG Al GEE A2 A7 2 ESF=0 A2 oA A
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A 1719 Aol A mAEo] HETHA olsk<10' CFU/RZ Y
ERgt oy, A% 3704 AollAl= 242t 1.73 2 1.66 log CFU/g
o8 Z7ksteh A7I7k0] ATl thet A% Z7bstol §
7hE Zjofl&= 2+ 1.88 @ 1.92 log CFU/ge] A& E AtH(Table
1). #750] A= 24 23, vt v BET FAR S UER
ek, vt Al LR A2 A7 171D AHEE 5530171 1.90
log CFU/g 495k ¥el, Sekznt A4 Q7RIS 455
o|3K<10' CFU/g)J 2 8709 =}of| 2.05 log CFU/g AEE
AUt AFZAG Al Gt A2 A 9 Ee2u) A2 B A%
1714 2o A Fgol7t HETHA ofstz et o, A% 3
AL Zo AL 7H7F 136 D 1.66 log CFU/gO.E LFERF 27}
Sttt A1g717ko] S7ietol wet Hat S7ksto] A% 871
Zpofl= 242} 2.25 9 2.39 log CFU/go] HEE AtH(Table 2).
Eetzut A% Al ai 2SS o rlE Sl § A
St A BT 2 YT ol Behxo} Ao A B
Fo] it 27 A] i Fo] JFEo] nE B ARt
792 AEATKSiohi 5, 2021). B A7o] A§H ek}
A AEoA] I s B44F2 05, NO, NO, 59 RONS
(reactive oxygen and nitrogen species)’} QIth. o] AZS &
shxo} 2ol Wt £5 8 BEE 29 4 Y T
2o|A= AaAZGEo] AoAe AtdA E4Fo] gol
AE T & Aol A2 AFaolA 5& F oF 5&2uH )
Aok PHE B 0EW ARHES Yo 4T
of AHE Eet=or 4L 2E0F AT & Qi o
S0 A4 BHEL DUBE AETE o) S EA AE
sho] A3t B, Tel A% o] DNAZ 22 Achen
S §H3sto] nlE Al ZAFEO I HA = AR 4
] JthWoo &, 2017). Niemira(2012)9] H11o] w2 &}
Zuto] o3t mBE A7 A FFS WA= 89002 &
ghzu A 7R, oluA] e, A AR 5 22 SRR
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g 22 7t R d Sjte gAstel FnlE walsA L &
I e 59 F4 Hoke I 4 AUth(Ziegler 5, 2021).
ool whe} W AR e T4 FE 54 HSE dop
7] A8l R AP EE SsAT

T T2 AT ST AN A A a2 FF2 1137%
Rom, AA7IZe] Frketel mEt =7 ol Ut
(Table 3). Se=0t B ARE A2 A4 A] vid] 27 Aol
Ao TAFPe o Hot S7 FgFo| 7224 22(p<0.05)
=2 AFS Yk Son 5(2014)9] Hilo] wrEd A U
] Aol A7t St Ao FAASE 7] Aot
12% olstz Azt FuiE HARMIL 9. Lee &
(2002)2 H2] A% Al AAIL0] FEA 7T HE e of
B0l Adis=rt 0| Hdo] 2z2dge] 84 £ Wspt
Aol H7] o] 1Ed JEE FA] At Ay &
ol Basintal e oldE Tt & o, okt U
AR A 2] vid] 2FEG A F U +LAF
T/ Wt A Aos et FF A% 5 &
2 IF S AT £ Sle A Eet2nt A 9 o
o] "asitial wkErt

Aol mE D] ARPAE HalFS Table 40 A|AISH
ATt Ag71zte] S7hete] wheh Sutznp Bl dut A2 AgA
2 BF AP STk A SREME) 7L
2ol e Eet=ot 9 ARt AL AR Al APAE
Frofuleh Afol= §iith. Kwak 5(2015)2 @v| A% 5 A%
AWhe 27t #2545, AR7|3te] A= 37kt 59 ¢

Table 3. Moisture contents (%) of wheat under different packaging
conditions in plasma storage

Storage period  Packaging conditions

ey Gunny sack Vacuum
Control 0 11.37+0.45"° 11.37+0.45°
1 13.20+0.10° 12.67+0.12°
3 13.33+0.21° 12.63+0.15°
5 13.770.15° 12.70+0.20°
8 13.300.20° 12.63+0.15%
Plasma 0 11.37£0.45" 11.37+0.45°
1 13.20+0.56" 12.47+0.06"
3 13.83+0.32° 12.40+0.00°
5 13.57+0.71° 12.30:£0.00°
8 13.30+0.46" 12.20+0.00*

DAIl values are mean+SD (n=3). Different superscript letters (*") in each
column indicate significant differences at p<0.05 by Duncan’s multiple
range test.
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Table 4. Fat acidity (mg KOH/100 g) of wheat under different
packaging conditions in plasma storage

Storage period Packaging conditions

o) Gunny sack Vacuum
Control 0 23.42+0.12M¢ 23.42+40.12°
1 28.97+0.50° 28.70+0.69°
3 31.77+0.61% 32.7340.86"
5 34.97£2.19® 33.2740.68"
8 36.37+1.33" 34.1340.85°
Plasma 0 23.42+0.12° 23.42+40.12°
1 29.93+1.37° 29.6042.12°
3 34.87+0.57" 34.7342.25°
5 36.30+0.75° 36.87+1.37°
8 37.63+2.77° 38.57+1.68"

DAIl values are mean+SD (n=3). Different superscript letters (*) in each
column indicate significant differences at p<0.05 by Duncan’s multiple
range test.

80| ¥21 APAPE B IA S7RIHAL Biustglon,
ol & A2t fARE Aol Eet=ntls R4
o] &2 #FH4, ol 5ol Alrd grE A& A=
A0 A2A Itt(Roehm 5, 1971). T84 & A4} S
ghzol 9 dul L ARTA TS ARFAS o, AA7|7F
o] Z71gol wet AA) Eolaed, ol Szt Az

Hrhs 4 42 gl Svl0] e Aved ek,

Zetznt A 5 Lol e wo] 24 WSk 2Rt
A7} o2y 5 Setze A% A 2o vgE 4L At
s Aoz weEly B4 42 FF 44 9 Agins
Ao & Qe AR o] Bt A7t Wag Ao
07—1—%]:]‘-

4. Qo

S o] ARY BRE T 7|2/ MATE Sekxnt
& olgs) 1 Tyl U d9E 45 dae 54

%7(;—’ Zx9 o]_Q_a].oi om, u]-l:ﬂ 9 2T TAL 5]_01 RS

Aot SStRut ARRAL 2 4°C, 35 % 350-500 ppb

o|glt}. RAL 4°C AL T4 eI 0w AR 7F
20,1, 3,5, 871€0|qith S B Ay} up 2 A2
L uF A& A7 171K o]ZEE u|AEo] L3t uhy Zat
zoh A% /D7) AERA olsH<10" CFU/gYE FAI5HS
o} Agzge] AL Zehzul 9 gut AL A% BT 370Y
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AR Ag7|7¢0] Aapetol wt &% F7Ieke A2 B
o Aol e ¥ $H S FFS 11.37%HeH, St
20t 2 2 AL A A v 24 Aefo] 43 34 A9
FHTH 58 WPl £ 4TS Boh A% 5 AU
she BAT AT Ag710o] 37K et Bekant o
Ae ARREAF BE AW Sl AL B, o
891 A% FYolel & 1 U AR F A A
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