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Abstract Due to their high nutritional value and functional content, barley sprouts
are commonly ground into powder for human use. This study investigated the effect
of drying methods, viz., hot-air drying (HAD), freeze-drying (FD), and infrared
drying (IRD), and storage conditions for the removal of Escherichia coli quality
parameters of barley sprouts. Herein, the barley sprouts were subjected to HAD,
FD, and IRD and stored at different temperatures, such as -20, 4, and 25C, for
six months. The changes in the colony count of £ coli and food quality indicators,
viz., Hunter color, chlorophyll, and saponarin, were measured once a month. The
HAD and FD were found to reduce Z. coli from 7 log CFU/g to 4 log CFU/g, whereas
IRD eliminated them (limit of detection { 1 log CFU/g). In the case of HAD, the
E. coli counts and the quality of dried leaves did not change significantly (p)0.05)
for six months under all storage conditions. Freeze-dried leaves stored at 25 and
4T showed a decrease in £ coli counts from 4.5 to 1.2-1.5 log CFU/g after six
months (p<0.05), and no significant change in quality during their storage was
observed (p»0.05). In the case of infrared-dried samples, £. co/i was not detected
even after six months under all storage conditions, storing at -20C was the best
condition for the chlorophyll content and Hunter color (p<0.05). On the other hand,
the content of saponarin was constant regardless of the drying method and storage.
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o] 77 ZE, ", d4E4A 59 ol Eil(lee G,
1994), OJAFHARAMES] polyphenols, policosanols®] &

Zo| =of, olof gt g A+7F EEstA XM=
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&oto] Auid & qloH, BE & A k58S FR/E
stx] ¢7] H&oll(Seog &, 1995) &7t &5 P AT
AEE ol 7hsotH, AREZY a50] dEAH 71
AFLE AEEHI A

ANEGE 28, 8 59 AEo=R Bikstr] YsiA=

Z 38 AAoF I AES AR I= AL = &
AL ARAA AEFY S s Hsl AREShe

O

o
= ©
TE B nEY] g4l A4

HU
£,
o
1o

w
M
m 0
ox,

st A% % Eslehd W] 52 AN 4

7l&o] ALEI gl Ui
2 A

718lE ABelA ErkHung 5. 2018). $2 A2E $2
S 718p1A Az B0z B B S Hash
3 ¥

2]
AAreE g AREScHHuang?} Zhang, 2016). 8942 7
Al FA R opgo] 71 0.7-1,000 pme] AR a2 1h3e]
Qo wet A& Q] M(near-infrared, 0.75-1.4 pm), 54
QA (mid-infrared, 1.4-3.0 pm), YA YA (far-infrared,
3-1,000 pm)2.E UE 4= Slrh A BEARUAIZ &

o] Ag=eH|, $%¢ WEY $7I€ T AUAE AE
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StoE tfiFo o5 & Agshe EF A=t H|wsto] &
&4 glo] wiEA 7HET 4= Qi) AE9] FHER fU1E
W R HolMe] B TE F5oletl, B2 3, 4.7,
6, 15.3 umE F2 Z53) HQAL AxT F A&
o] 22 HztE 4ot HEY 5 YFEE o7t A
O A3do] glom, ALJA(UV, ultra violet)oll HIsH EH
o] 122 X35t HH| FHsto] YA E AT & &

E7do] Qo] AFARIoAE Y, 4, 5 52 4
7] $1sf AMGE Tk 3, o&d, HH Y E(Paakkonen 5,
1999), Ttz g]7KStaack &, 2008) SollA 24 FA
ofgt n| A& AAaI7t IlEHA Axe} nYE A &
I1E FA @S & e AXR 7IeE HuEL Qo
(Ramaswamy 5, 2012).

T AFEE 7HE AFNA Hto] 7IEXE 2ot
of HEEHAA(MFDS, 2022) AFdEFAANA AlF

BN
o,

59 @A AN vHES AolF 4 e
F74o] YA, o] AL e Azt 57 e

T2 7kgo] Hal Y o]0 EEojAe] vz Ao

ol HYAA EHCho &, 1986; Kwon 5, 1994). AAE
2lE LA EEte] dFer AT f AR YR
T8 7hett 8% oldor AsH Hu EE9] <ol
oA o]FojA|A] gFom 4 Mg ago| HasH drt
(Sabat &, 2021). € Ago] 1=A HA k& A5 A%

H7t EddsHA AxEH vd=e] SAE & e 719

A Azstol thgRe] ga S FRRY, AE U AT
gl nlXE 9 Basidon 20, 4, 25C0
67hA Aol WEE Bk Shein
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2. Mz & Uy

2.1. MYEEE[0JA] Escherichia coli 22/

Adlo] AHEE AEE = oA st £
coli At Agol| AH&H £ coli= T AHAE 2] oA
251t £ colig £25t7] fste] AlARE AatE e
25 go 225 mL peptone water(PW, Oxoid, Hants,
UK)E 4o #4833 1 mLE FHoto] FHHE 929
mL®] EC broth(Oxoid, Hants, UK)oll H&3}to] 44T
Al 24A17F Bigetith. kA7 EASE HiFAS eosin
methylene blue ¥jZ|(Oxoid, Hants, UK)ol] &4 =3
of 37ColA 24A17F B & =4 FeEiS w= AP &
A FZFE FHoto, tryptic soy agar(TSA, Oxoid, Hants,
UK)oll =2sto] 37ToA 24417k wFatqict. st o
F9] EAS AAs7] Y3l TSA(Oxoid, Hants, UK)of|A]
s et T J2he Fstod VITEK-2(VITEK-2 compact,
BioMerieux, Craponne, France)Z ©]-83t As}lst 54
< AAZlon, A3tet 54 AY EcoliE E91E += o
L& 16S rRNA 971 ES BAS &5 971ME fA
Tt 52 58 EQlsgitt. £t +59] HEA 2t
£ glst7] fls 100TolA 1027t 7HEstod DNAE =
%3190, PowerChek™ Diarrheal £ coli 4-plex
Detection Kit I, I(Kogene Biotech, Seoul, Korea)&
ol-gsto] AlFoh= tiwdol whet A5k AEE oA
223t Ecoli= vHYA0I9oH, FF= 25% glycerol
(Biosesang, Sungnam, Korea)Z -80TC o AA 5ol A
Aol ARgsHAITt.

2.2 E. coli Higf & &H=

AdE ol A2olA siett #FE tryptic soy
broth(BD, Claix, France)oll H&sto] 37ColA 18417t
HiFstaict. viet A5 12,000 rpmollAl 1087+ ¥4
E&oto] 4FHE AA F phosphate buffered saline
(Tech&Innovation, Chuncheon, Korea)& o|-&sto] &
g51glom, o|F 33 ®HESto] HijX] HES AASHA
HEHo2 = dedo] 8-9 log CFU/mL F0] HEE
5t & 1 kgo] AR EE Y 7 log CFU/g 50°] HEZ
712 EARIIT g5 oo A E | Fabstar

Logl e
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2.3 MHEE ZAx 2 AHE

AEEEE FF dxst7] s AR FeE9 EF A
Z7](DS-400BC, Duseong, Gwangju, Korea)°lA 60T
2 24A17F Agstalon, SZAZX(LP 20, lsinbiobase,
Dongduchen, Korea)x= -40TCoA 5¥7t AZsIALY.
A4 Az ZHojlojHE P A& A A
(HKD-LAB, Korea Energy Technology, Seoul, Korea)
£ ARESFEoH, o]54 = 2.3 m/hE 55ToA 1081t
AP AL RAF AJZRZ oHAE S Foto] AfRE
7t &S5EA] o= A7to 2 Aot HeJHd RAF &

Hololts SRS AXIP] 9] 340 BU ¥ A2E

Seoul, Korea)o] A¥st & WHsla] -20, 4, 25T A
A5t & 43 7HE02 67YE S AlRE B4 okt

2.4. E. coli 24

A AHEEE 10 gl 90 mLe] PW(Oxoid, Hants,
UK)E 92 & 182 A3 A 1mLE FHoto] 94
S5} SN 1 mLE E coli count AZZEE(BM,
St. Paul, MN, USA)oll HE3 & 37ColA 24417t vk
Sto] 7]27F AR FEA A Aokl

25 Mz =X

7= A 1S 2471(SHMF-3260S, Hanilelectronics,
Seoul, Korea)Z 435t & E¥ZMA|(Color iControl
software, X-Rite, Inc., Grand Rapids, MI, USA)E A&
sto] 153] ¥HE: &4 & Hdgte & Yefigith. Hunter
scale9] 9J3} L(lightness), a(redness), b(yellowness)Zk
oF HFASIR e, B L, a, ba ZZF 100.03, 0.00,
-0.05%t.

2.6. Chlorophyll gl&f 24

Azt AREeE E4T F 50 mg F5k 80%(v/v)
Ol E(Sigma Aldrich, Darmstadt. Germany)® 20%
(v/v) HEF2(SK chemicals, Ulsan, Korea)S &3}t -8+
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-F':{} %ﬁ%ﬂ@ 5 A5HS Sttt dAE
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15,682 xgollA] 108 B2t YAR= et
Yo A 3%t Ay S3tstint. o] &
A9 FHl(Hellma, Mullheim, Germany)S AM&3}
o] 645 % 663 nmolA SFFE=E STt o, &
(oM E-HEr2)E blankE ARSI A% -2 ALt
A& ARE351Y] chlorophyll®] 3RS Aot
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Chlorophyll a =

(12.21 X Ages om - 2.81 X Asss am) X N xV
1,000 x M

Chlorophyll b =

(20.13 X Agts am - 5.03 X Ages nm) X N XV
1,000 x M

Total chlorophyll = Chlorophyll a + Chlorophyll b

N = dilution multiple of the extract
V = volume of the extract

M = weight of the sample

2.7. Saponarin glgf 24

MAE 2] saponarin T #£41 1o EafgH AR
2] 22 1 g9 80%(v/v) HPLC grade methanol(Fisher
Scientific, Hampton, VI, USA) 20 mLE #7Fsto] 35C
oflA 24417 X &5t +29S UHPLC(Dionex
Ultimate 3000, Thermo Scientific, Waltham, MA,
USA)E AR&sto] BA5tict 35T 4 94 HPLC 28
(ACQUITY BEH C18, 2.1 mmx100 mm, Waters,
Milford, MA, USA)& AREat@om, ol 54 (A) 0.1%
trifluoroacetic acid(TFA), (B) acetonitrileS 0.5 mL/min
9] §&0 2 ottt Tl 0-38, 3% B; 3-10%, 3-15%
B; 10-13%, 15-30% B; 13-15%&, 30-50% B; 15-16+%,
50-90% B; 16-18, 90% B; 18-20%, 90-3% Be]j.o.H,
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FAFE 2 ¢, 4E 2 325 nmz 33

2.8 &7 24

EA BAL SAS B4 =g 73(SAS Enterprise Guide
7.1, SAS Institute Inc., Cary, NC, USA) 9] one-way
ANOVAE o]&sto] EA45t3itt. 2H2re] A2+t 7+e] /9]
d A2 §HE ARlof| 93t B4k Duncan’s multiple
range testg °|-&sto] p{0.05 oA AFstAT

3. Zm ¥ 1%

3.1. AX BIEY E. coli A2l &2

E. coli A7 23} A¥S Yo Af&E oA 23t
coliE 7 log CFU/g 50| HLEZE ZAFslo] =
6.940.2 log CFU/g 2202 HEH At 294
Tt ZAE] AZRSE ANRY E coliE 4% 2
Z£5]A] ol A& SHA((1 log CFU/g) mlvt 5
g AS AT & AUHP0.05, Fig. 1). ARES]
chlorophyll 60T ©]49] 2XojA 13| E|o] =Ao]A
ZMo g Mol §sty] wfZo(Matile 5, 1999) A&E 2
o] =Mo] HMAEX] g 517] 93 60CE EF AXs}
Aot EF AXT ANRIAME £ coli7b 4.610.1 log

2 ox

ﬂ.llO r_?l'l

i)
B &
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CFU/g 202 745131, 52 AR+ 4.3+0.2
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Fig. 1. Comparative effects of hot-air, freeze and infrared
radiation drying on £. coli populations of barley sprouts. HAD,
hot air drying; FD, freeze drying: IRD, infrared radiation drying.
Values represent the meanzSD (n=3). Means with different
letters above a bar are significantly different (p(0.05) by
Duncan’s multiple range test.
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log CFU/g #5072 F4shy &
HAtHp<0.05). HLYA RAM ARETE ofg,
Aletolu F3olE Aast] sl AR o

oy 52 Az Hof "<l

Z(40T, 48A1ZH% AQA AX(40T, 3A7h5H
9] ZAAE H)WS Paakkonen 5(1999)9] At A1=
A, JM AxE FE o FFARET o] 1-3
log CFU/g © o] 7435ttt Gabel 5(2006) 4ot
£ AA Azxs9E i tigwtwo] 4.0 log CFU/g %
Sk A gRlste] HoM Ax7t njdE Fhaol anty
AOE wIS £ Q). ¥H, 52 AxE AEY £48

S8R50 & 2, Shin 5(2015)9] A-olAl

>

o o

ACH
r<t
o
%
|o

CFU/g m|gro|lom, 11=Qlo) £ coli O157:H7& AE

AZE £ coli AT} oluld Ao ety ety
57 7x9} vlaye o AEL

AzstE A nAE A7o] WQst ¥R AR 923t

32 X SEY MurEe/o) FX
Az ofet A E e F48Z 74517] 95f chlorophyll
b, M, saponarin &FZ 245 Chlorophyll
af
o

st B4 A3, & chlorophylle] o] g% Ax=
25.143.0 mg/g, 52 7ARE 25.6+2.7 mg/g, AYA

AZE 21.3+2.8 mg/go® HoJM AxeH ¥ HE 9]
chlorophyll g&o] I&3} 52 Axo| ¥3f 4 mg/g 3

v Q& FAAZXPS W £ coliQ TA a7+E= 1 log

30 50 30 50 30 50
_ 25°C 5 B _ 4°C 5 B _ -20°C 45 3
2 > D5 =3 Dos >
$2 w g 2% a0 E 2% 40 E
£ 2 £ ® E I 2
= 35 £ = - 35 £ b - I 35 2
£ o . B i gop I 3o - §
5 ] £ 30 ¢ E 30
8 a § s a a 8 a a a a 8
8 a a 5 © 8 a a 8 8 45 a :
S1s a 5 = S5 5 = S5 25 <
d 203 < 20§ L 20§
g 15 5 210 15 S 210 15 8
3 5 o 5 13 5
= 10 — = 10 — 2 10 —
55 I z = = I s 8 55 I - = - - ] 5° I x = z - .2

© 5 Q2 5 2

0 0 0 0 0 0

0 1 2 3 4 0 3 0 3 4 5
Time (month) Time (month) Time (month)

30 50 30 50 30 50
— 25°C 5 B _ 4°C 5 B _ -20°C 5 B
c) S 5 S 5 >
S 25 " 40 E 525 I 40 E 525 w0 E
£ L 2 E I 3 E 1 o
£ - N s 2 Z2 . = z s 2 Z2 1 = T s 2
-1 a z 1 a b= = €
g b o, - o = g b R . o = g a a | za a " 0 &
S5 2% < o5 % < S5 25 <
o 203 < 203 © 207
z 10 15 S z 10 15 S 210 15 S
3 5 13 5 3 5
2 10 = 2 = 10 = k- 10 =
£ 5 = _ - o s = - - . s = - o - I s
S s o S 5 © 3] s B

= = =

0 0 0 0 0 0

0 1 2 3 4 0 3 0 3 4 5
Time (month) Time (month) Time (month)

30 50 30 50 30 50
_ 25°C 45 3 _ 4°C 5 5 - -20°C 5 5
D25 2 D25 =4 225 4
52 40 E 5 25 40 E S 40 E
E Y £ 2 £ 2
- % e - 35 £ - 3% e
g2 g g% g g% g
£ 30 £ 30 £ 1 30 £
s § §

S 15 1 I [ 25 2 S 15 I 1 25 = S 15 I I 25 =
= a & z B a B < a a a B
© b b b b 205 < ab ab ab ab 207 o 2 a 20§
10 3 15 5 z0 15 8 z 10 15 S
<] 5 o 5 o 5
5 5 0 5 o
2, 03 [ 0 2 2 0 2
© F - _ - N 5 ° © I - - - _ 5 0 ° I - - - < 5 °

) 0 0 0 0 0

0 1 2 3 4 0 3 0 3 4 5

Time (month)

Time (month)

Time (month)

= 44T A0 YERTtHFig. 2). AEE S4519e 1

Fig. 2. Changes in chlorophyll contents of dried barley sprouts during storage at 25, 4, and —20°C for 6 months. Light gray histogram,
chlorophyll a content; dark gray histogram, chlorophyll b content; @, total chlorophyll content. (A) HAD, hot-air drying; (B) FD, freeze
drying; (C) IRD, infrared radiation drying.
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g AZX ARHEZ 9 Hunter L value:= 49.1+£0.3, =2 7} 2A Yelgdti(Table 1). ZAE-=NTE el E 4
AZS AL 47.940.3, QA 42.940.22 HJH Az valuex &9 3ol 245 49 77k AS u|ol=],
St AR E o] vt A3 54 AR Ao vlo| ¥ EAXS ¥ EZE -8.5+0.0, 3E2AZ -6.9+0.1,

Table 1. Changes in L, a and b Hunter values of dried barley sprouts during storage at 25, 4 and -20°C for 6 months

Drying Storage Storage time (mon)

method temperature (C) 0 ] > 3 i - p

L value

HAD" 25 49.110.3%2  431:04%  444+03™  47.6:02%  54.3:0.6° = 44.9t02% 471101
4 491103% 4181017 450:02%  493t02%  539103% 482405  484:0.4%
-20 49.110.3% 41,7037 44.9+0.2% 49.5¢0.4% 54.2+0.5% 47.9+0.2% 49.0£0.5%

FD 25 47.9+0.3% 47.0:0.3% 50.10.28 455:04%  51.9:0.6"  46.4:0.5% 45.940.47
4 47.9:0.3%  46.0:0.3"  499:03%  465:03™  527#1.1%  454#13%  48.0:04%
-20 47.9:03% 457102  488:02®  46.3:0.0% 52.6:1.0  46.3:0.7% 50.00.9%

IRD 25 42.9402%  355108%  407:05%  445:05%  509+06®  432:05%  44.2+03%
4 42.9t02% 335407 39.0:01%  454+05%  47.9104%  434:05%  43.0:03%™
-20 42.9+0.2 33.110.57 40.8+0.5% 43.6:0.4% 51.4%0.3* 43105 4481038

a value

HAD 25 -85:0.0°"  -7.8:0.1% 5101 -5440.1%®  -53:01%  -54102%®  -5940.1>
4 -85:0.0%  -7.5:0.1% -60.1% -6.6:0.1%"  -66:0.1%°  -7.3:01%  -7.2¢0.1%
-20 -8.5:0.07 -7.610.0% -5.810.1°°  -6.6:0.2% -6.6:0.0%°  -7.1:0.1%  -7.40.1%

FD 25 -6.910.1% -8.1:0.0%  -6.2t0.0% 550,15 -5.3:0.2% -6.110.1%  -57:0.1%
4 -6.940.1% -7.310.1% -5.810.1%  -5410.1% -5.4+0.2% -5.740.1% -6.610.1%
-20 -6.910.1% -7.310.07 -5.3+0.0° -5.110.0 -5.3+0.3% -5.810.1% -6.7+0.1%

IRD 25 -3.740.0" -2.810.1%°  -2.2¢0.1% -2.440.18 -3.1#0.1% -2.740.1% -2.740.1%
4 -371007  -29+¢01%  -20t01%  -25:01%  -26:01% = -32:01% = -30:0.1%®
-20 -3.740.0% -2.240.1% -1.9+0.1% -2.410.1% -3.0:0.1%  -3.1:0.1% -3.510.1%

b value

HAD 25 16.8£0.1% 217402  148:02%°  157¢01%  126:017°  12.3:02%  13.420.1%
4 16.8£0.1% 21.0£0.2" 15.6:0.1™ 17.110.15 13.0£0.1% 14.9+0.1% 14.7¢0.1%
-20 16.8£0.1% 21.240.1% 15.40,1 17.0£0.2% 13.1¢0.1% 14.6£0.2 16.120.1

FD 25 14.9+0.1% 20.940.2" 15.8+0.2% 14.5+0.0> 10.3+0.2%° 12.2+¢0.1% 11.0¢0.1%
4 14.9+0.1% 21.240.1% 16.3£0.0% 16.0£0.1% 10.7£0.5™ 11.3t0.1% 13.0£0.2%
-20 14.9+0.1% 21.0£0.1%° 15.70.1% 14.9+0.1% 10.6£0.7%°  12.120.2% 13.3t0.1%

IRD 25 14.1£0.1% 19.9+0.2% 13.6:0.2" 14.5+0.3% 10.9+0.3" 11.3+0.2% 11.3+0.2%
4 14.1£0.1% 19.2+0.2% 12.7+0.1% 14.90.3% 8.9+0.2% 12.0£0.1% 10.8+0.1%
-20 14.1:0.1% 19.5£0.2" 13.70.20 14.4+0.2% 11.240.2% 11.7¢0.3% 12.0£0.1

PHAD, hot air drying; FD, freeze drying; IRD, infrared radiation drying.
2Nalues represent the meanSD (n=15). ““Means in the same row with different capital letters denote significant difference(p¢0.05). **Means in
the same column are significantly different by Duncan’s multiple range test(p<0.05).

1052 https://doi.org/10.11002/kjfp.2022.29.7.1047



Korean J Food Preserv, 29(7) (2022)

A ARe -3.7£0.09 g2 YERH, 4 Ax A
EAE7F AT FHEE YEE b values 49
ol E45 M) 7k RS guloid, 3 dxe
16.840.1, 32AXE 14.9+0.1, F9JA Ax3 AHHAHE
2 14.1+0.12 YEt Chlorophylle A1EA7F ¥
NAAE 5ot FFEES Bl AUAE Aok 71H
o= FME W 9loH, §A A& chlorophyll a%t
b7} de}. Chlorophyll® &¢&3 Upadhyay, 2018) &
o] B a3 g4 QA HAMARE AREE R A]
A Fo] Mo g3rE o] FH9 AHE AT
4 A No &, 2016). 5M4-& o= chlorophyll A&

AolA F2HAS o EXTT E4S 2 A=t &, 4,

d

chlorophylle] pheophytin® & £3]%o}(Weemaes 5,
1999) 24 wA dct. HLM AR A] A} ofvx7t &
NUARE HeE™ A5 =7t Se7k=H, o] ZHol|A
chlorophyllo] T}y =o] HeoJd Axgt AREZY] Mz
7} ¥t Ao Alg ) Staack 5(2008)2] Aol =
gyt 23S A AR o M7} Wk Ao|
ZRIEo] AQH A Al Mol Hals Akt & Q=
A7t Baghe, o= A&REZ A chlorophlly=
HY3tstr| fiel ofd ERAIE A2sk=(No 5, 2016) &
T 5ol =AU

Saponarin H2]7} Ho} & ofdl o wjgt EA5t=
flavonoid HiGA = F4s Aol S5t A7 A
2y 9 g+ ZAo] Qe ZAeE dEl f8AReH
(Basile &, 1999; Benedet 5, 2007; Lee 5, 2016). ZtZ+
o] Hho g AXSH AR 9] saponarin FHFS & A
2 4] 1,061.3£5.3 mg/100 g, A= A] 1,061.4£6.0
mg/100 g, 224 AX A] 1,052.6+3.9 mg/100 gO.&
A% o E saponarin TFolE F9&Q1 Afo]7}
AAHp»0.05)(Fig. 3). Saponarine flavoned} glucose”t
A3 vigA|e] R E 7= AEOCF Nithiyanantham
5(2012)9] Ao w=H 100T olAfe] 129 FA T Al

FRIAIE Aol AA Tl G4 & Ut 319

o 28y 2 AfoA ARERE 271 EF 60T, 52
-40C % LA 55C A& saponarin®] g0 FFE

https://www.ekosfop.or.kr
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Fig. 3. Saponarin contents of dried barley sprouts by different
drying methods. HAD, hot air drying: FD, freeze drying: IRD,
infrared radiation drying. Values represent the meantSD (n=3).
There is no significant difference among the means (p)0.05).

37 o

2

lo

= ud

ek

% 9l

flo

3.3 X& F E. coli #3}

dE, 52, A4 Az AREE 42(250), ¥F
(4C), ¥B5(-20T) 2HNA 6/hL7E A% E. coli©
WSS RARAITHFEIg. 4). A4S ARt AXgE A
AR Eo] A9, Hdt £7H5H AF A1 log CFU/g)
ngto 2 Aol Ao FREHE A7/ E BE 27
oMM E coli7} AEHA L9ttHdata not shown). 60T
oA FF AR AlEE= A2 AE 4.6£0.1 log CFU/g
oA AA 671Y Fo 4.3-4.6 log CFU/gl2 A% &%
e #Agle] A2 ALY FARE £EoE HEHUG
(p0.05). 52 AXS A=3E AP 2E 4.3+0.2 log
CFU/golA A% 57/HE7HA= =0 Aglo] 3.3-5.5
log CFU/g 222 HEHL, 671€ &l 25T 4T
oA ATt AlgoA 2+ 1.240.2, 1.540.2 log CFU/g
$E0Z TASIAHP(0.05). 23y -20TolA ARt
A@moAe A 671 Fo|= 4.2+0.1 log CFU/go.2
27] 23 FARHA UERsETH(p»0.05).

oML AUAZE AE #HHCRE Y HALHEY
60,000-150,000 MHz9] 142 & EAE ZsAA 7}
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)

log CFU/g
S

0 1 2 3 4 5 6
Time (month)

log CFU/g

Time (month)

Fig. 4. Changes in £. coli counts of dried barley sprouts during storage at 25, 4, and -20°C for 6 months. (A) HAD, hot-air drying;
(B) FD, freeze drying. @, 25C; O, 4C: A, -20C. Values represent the meantSD (n=3). There was no significant difference in
the change of £ coli counts during 6 months at HAD samples (A). £ coli counts of HAD samples stored at 25 and 4C were

decreased from 5 months, *p<0.05.

G5 B 4F EHO) LEst A5 SES A
77 gz Qg Bl WH0R <l vEo] AlEel
grk(Aboud 5, 2019). 4 ohlet HolHe ugEe)

Azehg £315to] DNASH RNAS SAAIA 1743 <
At 282 Yedti(Xia 5, 2022). °o]2{gt Z-&7]%0

il
o,
=Oé
Hu)
Sl
2
1o
%
ne,
tlo
)
ul
_c‘)L
rir
ne
ofs
™
BN
HT
o
o M
N
fol |

+6(Oyinloye® Yoon, 2020; Wang &, 2022), -40C0]
A AZRsto] -20Co0A B3t A] nlES] YEEO] 7P =2
Aoz AHA lol(Champagne 5, 1996) T2 AxE=
nEE vEgdskele &3k= 7|dish] ol¥thBourdoux
5, 2018). 12y 52 AxdE AREYE 671Y 5 A
ot 371 ol w2 A%, 52 UxRE AEY AW
T AT SAtEE, AR S sl 44T & it
(Bozoglu &, 1987). A28 08 dF AR} HM Ax
£ 3 AREYE gt ARES W A 2= £
coli 7 W3z FFo| fllon, FAUXT AL 25,
4Col A717F AP W A7 AT A0 Y'Y, £
coli 9] PHFE] SHA A= -20To Aok AR 25,
4T Aok Aol feigt Ao wst 4= it

34. AZX YEE A& & MY2e/9 & Hef

ARSE AE el M9} chlorophyll &% 67147t
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HEA45to] Hunter colorZ £A43%F MTE Table 19,
chlorophyll®] $F2 Fig. 20 UEtoH, A& 6714
39 ARZ Fig. 50 Yetigieh g3 1dxet 54 AXRet
ARE = A 2k TAgle] 671E 5% chlorophyll
ol 7oAl HapE IItH(p)0.05). AL Axet Af
AHT] L, 25T 4T o7 B¢ AHS o
chlorophyll &%Fo] 21.3+2.8 mg/gold 22+ 13.8+1.07,
15.7£0.5 mg/go2 743t th(p0.05). 18t -20T
oA A&t MAEZo|AE chlorophyll ] 19.8+
2.09 mg/gl & FYHOo T TFASHA] P2 AOE e
tH(p»0.05). ART AREZ9] ML HoE HH HE A
YtollA A =7h ZordeE HE(L valure), 4%
(a value)?t FAE(b value)7h Hashe 43S UEH oW
(p<€0.05), B|Sto 7= FE5E| o8 HtiFig. 5). Chlorophyll
2 fad(chlorophyllase) = H|EHQ 9490 &, 4 &5
o 93] Eal==d(Indrasti 5, 2018), Ax I F
chlorophyllase7t &3] EZ43t=A] koS of A%+
A chlorophyll &sfet & H3p7} S 4= ot Liu &
(2022) 59 Ao GEH FF, 54, M AR A
AHe] E9-5 25T ololA AR Al 15941 H He A
gJtol A chlorophyll §&o] AAastgion, 2704 Sl
o 50% ol ZAH Aog Yepdtt 18U 2 o]
A 25T m|gtoflA AAstal7] wizoll 671h7t A5t
T g% A2} 542 Axg AEEZ A chlorophyll &
ol ¥sl7F UehuA] 29kt o= chlorophyllase®] 4]

https://doi.org/10.11002/kjfp.2022.29.7.1047
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®)

©
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25% 4¢ -Jok

Fig. 5. Changes in visual color of powdered barley sprouts by different drying methods during storage at 25, 4, and -20C for 6
months. (A) HAD, hot-air drying; (B) FD, freeze drying; (C) IRD, infrared radiation drying.

S AT = e 25C wTke] oA AAstgl7]
2 Af=RHL Ostbring 5(2020) 59 ATolA%E 20T
A A7et detFols 52 Az B 71 Az Hg)
chlorophyll 3} ME o] W7} 717 AA vepdtial
stk AR 220 mE A AREEC] Mo
JFS FotY, EF, 52 AR AR F22d IqF
2 A 250 B2 g gloloy, M e 250
A AEE Wslrt 42 A0E yehgon, Hold A
23 AlZE 2200004 AFRS B S22Y gt 4
Lo m% Wt 71 2 02 YEith o1& £ coli
st AT SIS O 52 AR AL 4T, FY

https://www.ekosfop.or.kr

A AZE AL -20T A o] mgRY FIL
Pejsl] 9 AAe Aow woE

ko= Jrl'-i“}oﬂq *H”EEM] Al EEgh
E coli€ 7 log CFU/g #2902 AA3H AR HE 2o HE
stof Axof o3t v E AARIE B4 23}, HoA
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Az A& A log CFU/g) It 502 7445}
on IF Axet 54 ARoA = 7—?7—. 4.6+0.13} 4. 3"‘
0.2 log CFU/g #5208 A5t d
F4o mA= JTF2 —Ev—@ﬁ}ﬂ sl Chlorophyll S,
M, saponarin $HFS E49]
St R EE7 EF, 52 AXSE H“—’\}Eﬂ_@_i} chlorophyll
Tl 4 mg/g A Aastal, PEof ZAET} Yo
202 YePOoH, saponarin $Foll= Fo| gt Z+
ZHe] o & AR ARE 9 A% M-S EA4l5H]
sl 25, 4, -20C 9] AN AT A}, IF AR
45 LE A% 2H0A 6707t £ coli®] = %7
491 4.6 log CFU/g $=llA Hab7}t glgieh. 12y 52
741-4 8%, 25, 4ColA ARt AEE = 671 Ao
1.2-1.5 log CFU/g 502 7]’_/1\_0]‘0“10135' -20Co A%
o Aol= W37t glleh Ao AXg AFEY s BE
A%y 27004 671E o]Fo= i +to] AEEHA Lot
A F49 ¥sks IF X8} 54 AR ARE T
= A% 2rof IAgle] 67HE <t chlorophyll &5l
A Hsh7E glolth Eet WE(L value)?t =M k(a
value)oll= H3}= filou, 25T oA AR AlmoAl=
ST} M 7E ZASHITHpC0.05). AH AxgH A
#AH o] 49 25T} 4CoA A% Al chlorophyll &
31} /\H57]. 71—/\5}03 ocq -20°C°ﬂ 111J6ﬂ£ = tﬂﬁ]q]. ol
= Z0= YEst & A7 23 A Ax0F TS
Aetsly] fleiMe 45 52 AXEH flﬂr Jo]le
Y chlorophyll#} Mz=7} GopAch #% 24
Az AR = A% 220 WE £ coli 5
Ha7L glYlom, SZARE 4ToA AATE Ao] nd&E
A BEAQl ACoE weESih

\I

EY

;
(

Mol AT £ =90

Aol AR ¢ -20TC ARsh= Aol FE WIS
4ok 4 Qe 20T ZAET ARl nE
AT F4S FHs] A Hd Az Al FE9
Ao 2T & Yk 74 A7t Bad Ao
At}
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