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Summary

High hydrostatic pressure was applied to Foxtail Millet Takju
and Yakju to prevent from deteriorating quality characteristics by heat
treatment and, the effects of high pressure on inactivation of
microorganisms and enzymes, and changes in quality during storage were
investigated. Lactic acid bacteria and yeast in Foxtail Millet Takju
decreased significantly with the increase of treatment pressure, and were
sterilized completely with the pressurization of 400 MPa for 10 min
at room temperature. Total viable cells were sterilized completely at
66C/400 MPa/60 min and 66C/600 MPa/10 min. Pressurization of Takju
caused a vpartial Inactivation of a-amylase, while the activity of
glucoamylase increased with the increase of treatment pressure at room
temperature. The increase of treatment temperature at 400 MPa
decreased the activities of a-amylase and glucoamylase and, treatment at
66°C/400 MPa/10 min reduced the activity of a-amylase by 59.7% and
glucoamylase by 20.5%. Heat treatment at 65°C/30 min reduced the activity
of glucoamylase by 83.6%, while combined high hydrostatic pressure and
heat only 26.7%.

Foxtail Millet Takju were treated with heat(65C/30 min) and high
hydrostatic pressure(27C/400 MPa/10 min), and stored for 30 days at 10T
and 25C. Total viable cells were remained almost constant, while lactic
acid bacteria and yeast were not detected during storage. The activity of
a-amylase was lower in heat-treated Tukju than that in pressure-treated
during storage. The activity of glucoamylase increased during storage and

2.1 to 4.3 times higher in pressure-treated 7akju than in heat-treated. pH



and titratable acidity in treated Takju were unchanged, and the content of
reducing sugar increased during storage.

Lactic acid bacteria and yeast in Foxtail Millet Yakju were sterilized
completely with the pressurization of 300 MPa for 10 min at room
temperature. Total viable cells decreased 3 log cycle with the increase of
treatment time from 10 min to 60 min at 25C/300 MPa. The activities of
a-amylase and glucoamylase in Yakju were decreased 18.1% and 21.1%,
respectively with the treatment of 600 MPa at room temperature, while
77.8% and 67.9% with the increase of treatment temperature by 65C at
300 MPa.

Foxtail Millet Yakju were treated with heat(65°C/15 min) and high
hydrostatic pressure(25C, 65C/400 MPa/10 min), and stored for 64 days at
107C, 25C and 37C. Total viable cells were stayed almost unchanged
during storage at 10C and 25C, while decreased significantly at 37C and
undetected at 25 days of storage in untreated Yakju and 55 days in heat-
and pressure treated. Lactic acid bacteria and yeast were not detected
during storage. The activities of a—amylase and glucoamylase were higher
in pressure-treated Yakju at 25C than those in heat- and pressure-treated
at 66°C during storage at 10C, and lower at 25T and 37C than at 10C of
storage. pH in treated Yakju was unchanged, while titratable acidity
decreased slightly during storage. Turbidity increased significantly with
storage period and temperature, and reducing sugar Increased slightly

during storage.
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A5 7iksE, 03~05 MPa AX9 HEEZE #HX, 5 MPa HAXEY

Z2AAFA FEo A SAFEE FAR vkE7] fdke] o] 8,
AEF7IY B FFo Ao 3 W hE s AgdTh dH xas)

pressure)stoll Al YElUYE= A Fe] B4 H A3 WEE o] &dte=
Z o]t} (Hayashi, 1989).
dHP)E =25(T) AR sue Uy Foz EAstEZ, =29 A&
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e E A AdL AFTFE EAT W B dido] oAl
=3 (side chain)®] FHol #A3FS wf THEd gt AXTA7 H

A S EMAge Al dAS AL mEl FFolA Sl

Yol7bA s 4z, 3%, 23 Fx7F BHEteE 3AS AXA Hied, o)y
AL g Yo olual Ut FEol wEFFH ofrld Eol

Aoz WA= FH 9 AXNTA zHEYG EA o A Ao
7+~ 3kt (Hayashi, 1989; Heramans, 1983).
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|
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(Seyderhelm &, 1996).
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23. AU 9F AFY 24T

2.3.1. LAYt nBE I FHE& FH

A2 Mxeol HeEd d&dS vE 5 d=dl, Zobell?} Cobet(1962)+=
A ¥XW gas vacuolesi= 0.6 MPa? &HolA B3I %M, Escherichia coli®
et EE gl A5etis 2
MPa A& A 10~100 mme 71 LHWHEES At H sttt E3]

Protozoa®t Z2 Ao F7IACl A= el o Fxeo HI=
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Witetal(Mackey &, 1995), €l gk A3 fFAeA 23k FA
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FE5ALS A= T3 AdARE FAHS S Q)
Perrier-Cornet 5(1995)8  7}stsl= Fot A¥xe AHS  Fstan A

olu|x] BAFAE o] &3sto] wAeA=Hl, Saccharomyces& 250 MPaZz

el sbatd A Aol 265%E ¢EHFHATGI drigem =W 10%ute]

A tH(Farr, 1990).

232 HFS ngLdT

AEel e agtAdrEdE o AFH JheA de ARTIeR 4EA

ol

gk, 1899 d HiteZ7} 95 690 MPa, 105 A3t A3 9-f59 ndEol
239 thE Ha7F 9tk Horie $(1991)8 7Febrbs= 12l

19910 A Loz A#3t7] AlZsEA =], &5 (Saccharomyces cerevisiae$t

Hi

Zycosaccharomyces rouxii) ¥RF ofY e} Mt (Staphylococcus sp., Salmonella
spst WAR) AR ARHATT nusty gvh £d JFFHAoR B )
htrbEE wolme AAs z719 @olel kel 950%¢] MENS Fiat
At}

Parish(1998)+= ¥*]2] Hamulin orange juice(pH 3.7)°] Z1%+S A &3k
A¥ S cerevisiae® A EAE 350~500 MPa®  7FA] D-value:
4~7622 AXE I, S cerevisiae A2 D-valuer: 1~383% ¥t ¢
el 5@ astAge ojstel &R Abdol  AHHAL

12



OFFAAA o] aPgSAToeR WHIEAn
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ATt Aol =
slicex= 340 MPa, 15% Aol o5t AFAE AF= A=, HAe] st
FEAT] AbEe A AAe] pH wiEel] © &3AoAthH(Aleman 7,
1994). Yukizaki(1994)= W] 28] 2% 3% (V. parahaemolyticus. V. holerae, V.
mimicus)<= 8AC HFste] 0TelA 102 xsrxgs 23 200~300
MPaol A 57 w2438 A=A

frel Eael fste] Aluto]

=
AeAE EAZ wAdn. AAFE faiwe] Ades f714el akel

MPa o]/l AHgeA Ao Al on, 4ko] A% 300 MPa ©]7d]
dHA R AAEJAT. A Al oste] B4 B o] Wit A9
UERA eF ki (=7 d, 1996).

nAEe] ik e FFL Ttde Axe B8 ASTA wAY =4

pH Sl uwet g=th

_Il)l
oft
e,
rot
EY
3
)
n 2
o s
H
X
-
lo,
riet
o
2
=
)

2 TAAFYR AL AFEH>46)e] A A iR 4=

Westa glow ol gk A7k ol s

HES 2 Al ol olEe ¥H F sk AT £39
Aot =8 dEEES 2 Ay Aol  oste] ZAe] 4t

Zhe sk, a2 A= AEe Fdo T4 @2 ¥ vA] wEel



2ol FYAMEE 300~600 MPacll Al A=A vE Alwte] EZ A= 1000
MPa o]’¢e] w9 =2 tHA e doldE 4 UTHSmelt, 1998).
Timson¥} Short(1965)% -5 13ColA 830 MPa2 gzl & WdA
nAES st vAlE ¥t Hasta 9tk Tagi 5(1990) A9
22 S5 A (pH 7olA 600 MPa¥t 60TCelAl A elste] AtEeo] 7hs skt
Johnson¥} Zobell(1949)2 S. subtilis®] X:AE 986TCoA 7= g shd
=g4A3 HIlou, #E

A7l oF 4X)3Fo] A E ol Batstan it ey Ao M= hHo

rfo

TolA 600 MPaz HZgA XAE EIAS

o L

FHEFE AE Lush 37

amd

st 25TCelA 60 MPao.= AHggk A5
AEEE F7kstel 2706l Mldkel 10%  olshE  mA

0
—

57
Akt Rasta glol, AN E A Aite] HsEe AN
o} 2ol BeolAE 2ustol ol e AREINA Ao Brbsarad o)
2 €

3 @Astel, Aol Wite Lxd oste] =)

$ Sale 519692  Bacillus% oFEe] AtAlEeld 1,180 MPa2)
geom AY AEslr|ETE 100~300 MPad] 7pgtel A o}z e ol

(3]

|
XAE oAl wi= Aol FAHAIA Y s & dEgFS v,
ofu]i-2ko]  AF<2l alanine®} riboside inosine B. cereus XA} wrolo

FRAQ s SiA dds dohar Baska gl
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24.1.

° ® T "
CCAC N A
g oF
wmT X
‘m.h m‘m ~ LOL
~7 ° o
E oy E .
W do ° A
< A
M M g = B
) 0 ‘OI
C " -
G m %0
v —_
o) X or
G - 2
T oo = S
B ,o% ° = S g
N s 50 =
3]
A oX h
S E T w % 4
2 =T [5a) X
g B d B
ol o AT L|1_ ﬁo
e %
P o W T
ok 0
o MQ M T
[ ) W =
e X g = oy en) a¥
3 -
o o IH S 7 MV_. § o Mu
olo oF = + o =0 moE &
# +HF < 0|
T = Z H M__ A r L B
N = ) g s
Nomow g - R N
- 3 o B ' i
o = o P =

15

dE - T dS + PdV + V dP (T = const.)

VdP (dE = T dS - P dV)

dG =dE - T dS -SdT + PdV + V dP

w2 9G/OP =V
0AG/0P = AV



HE Ao A AG = -RT In K o2&
dln K/0P = ~AVRT-——————— (1)

o714 RE& 7|44, TE AUHES e, AVE 98 A3 9o AAW
H(V-Va)E eI

AAL Lo A Wk AZ A Ho] TAHE AAVK0) A$ R>0, T>00
olsto] WA (1)e] WL G577t HER HHE FFr) Hojof o) metA
dHES F7A7IE B Ke S718H Hof, ol2HE e gz

TRl A yeldg. 8% f@ carboxypeptidase™ peptidase 24
s

o]9]9] esterase®} amidaseo] FAAE Atk 7tdFE7 25}e] peptidase

A& esterase®t amidase?] Ao wiEA HTF FEkA A EH7] wjEo,
Zhzre] mbE&rmo] giadAZE ddH= 497 vk Thermolysine2 %
delx] = dwE Falgsol AR Tiste] ofste] &Aool AA FUFE AT

16



100 MPa®l 7oA Kewkm= 138 o] o= ¥ carboxypepidase?
G & oF 1/302 Aststtta e o

EagAY WEs ®AE F dow, ofYd AAE A FEFEokolA Y
o] &3 A Fet=H, F T FEEHEY AL RoldAMR FF
SEATL7E ZIET EA4NSe] Aol 7 do] ndaE WIss AS
o]gst= WHE ded, @Ay dwd FaEiE I et 24
=843 HA i BAE AGAA 71EES WHstA 7= Aol THe gk,
ol g e o]&3t9 Hayashi 51987 HFHEWA ZFE Fol
ggow  EA5E  B-lactoglobulinge Agx oz Hd 4 gt

EdAdstE fFEee dAe BAW x4 % @479
Feo] Wl th(Suzuki®t Suzuki, 1962). st FAh EEA 3= pH,
%9 subunit FZo 29dte] JTFS Wi=tv(Laider, 1951).
ojg]g JARKES el oste] Jh&st e HIZEESE HURE e,
FAhFujgrge] WA A oESTH(Morild, 1981). o]gd JFo=

HAgol oste] aw B243t HAY viglE &g FUke = b
MAES AFEA7IE Gl Blste]l H w2 4ES ZaR &= S
Aol delA shEAgEdE SFdodAdsts thEM,  Seyderhelm

5(1996)8 e <tHo 93 pectinesterased HEAI}E HII Ao

N
i)
1o
off
i
ol

o

Hol, AFAE] GiaFAd JFSE WA 5 dvn BHuso

Peroxidasei= blanching® 284S Ueldle ARZA, &3 EZAsE
s E FAIZEe] 7HES Fe =2 3k, 60C/600 MPa/30%2] A g = 90%2)
FEZT LGl IESIET. 28y pH 7oA 92 WA S W a4gA 9
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© 2 peroxidase?]

1

%3

F= 7FdA 8 ske] a-amylase,

£

P akit

N
T

(1990)

=2
o

elt}. Hara

¥, 600

glucoamylase, acid protease, neutral protease<

1
e

Ao glucoamylase

3}

A

3

=g

A7F 20~30%

o

29

-

o

MPaol A

tel &4

S

+d

S

of =4 skl ol &

o
A
uy

)
o
T
T

PN
T

ARl limoning AL HHA

ATHYuki 5, 1993).

[e3]
A

ol

T

300 MPa ©]¢e] <

ek, wehA

PA 2ol de A

7

il

o
&

X

o
wh

%ﬁ

el

o]
Hel
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. ## R

3.1. A=
T2 -85 AFE g AA JYERIAAA AxS AS FHsEkA

TAegE § AREs T

TEAY
B AFR3E 2397 (MFP-7000, Mitsubishi Heavy Industries Co.,
Japan)© Fig. 13 o] U84 0o] 600 mLZ, WA 125 mL Ex=dz o
2 of-8qFE A 71EVF EoU7HA @4 BE5d v, He EEeEd
2502 FHYXIES T press mediume=zZ FHT7F AMHYZ processing

chamber®] % il hydraulic pump® pressuring pistons 5 Al A 7F4sFA o}

N
J

g 2ugAgE ¢E 100~600 MPa, =% 26~66T, AlZF 10~60l A,

= 4™ 100~600 MPa, &% 25~65T, A1ZF 10~60%o A 2 A&} T}
A= AgdHoA HYAIZE 52 v vt chamber -2 25 =
Al HA3E o g el

3.3. 7FE€ A ¥

AR5 1256 mL E=Z=23d Yo 931 656C2 water bath(MC-31,
JeioTech Co., Korea)ol Al B 5+ 30%7H FF+= 15687F 71E3 & 2204

Zrahgieh,

34. A% 49
gEE RAE FHEE, A48 FHEF65C/308), 2ud
(27°C/400 MPa/10)E 10TC<F 257

C
it ARE Astel MARS, 5ed 2 BASAL 4t R



FAE FAF, dAY FAFF65C/15 &), Fe kA FHEGF
(25°C/300 MPa/10+), & 2 gA e F2F(65T/300 MPa/10i)E 10T,
25°C, 37Tl 6443t 242 Agstas v 79 vtk A 25 FHske] vAESF

aY % EAE shel o,

oX,

KeN
=

Ao
o

3T
= m=

pot

Fig. 1. Schematic diagram of high pressure processor
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3.5. HAE HA
& oF .- g5 umAES PG HParkzt Chung, 1983)°o.=

Mt AAte, 3RTE SA4 9. A2 kA (plate count

agar)oll A, &2k

Rogosa SL agar ®iA|olA 37C/72A13F wjgFstde. &%+ YM  agar

v 2] of| Al 25°C/72A1 7 vl ¥t

T 0133%°] 242 shetel HF pHE 552 A H

-2 a-amylase®t glucoamylased] Wlsto] =431 =6l (Park® Oh,
1995), &4 42 Hong 5(1968)°] el st Azttt 5 A&
05% NaCl €48 7tsto] A4 30% wHe & Toyo No. 2% o 33t
U AFESER

a-Amylase?] A2 1% AEE9(0.02 M phosphate buffer, pH 6.9) 1

mLE 7122 ALt mlE] AzRd 2EAAS 30ToA 3087 ¥veAF

LI

Y

¥, 1 M 2410 mL2 vheS AAA7]a N/3000 £2=3F 89 10 mLE
7hstel AAIZ & 660 nmelA FFEE S8t blank OD# e 10% <
HaA7l= s 1 unit® sto] oF - 5 1 mL=E $Hiksto] A8 tH(Park
7} Oh, 1995). Glucoamylase®] 242 DNSH(Hong &, 1968, Miller,
1959)0. 2 ZAHsd =, 05% AEEH(04 M acetic acid buffer, pH 4.8) 1
mLE 71" 2 AbgEte] &4d 1 mLet EFT F 30T FFFelA

3 mL 7hste] EAA]A

535 nmelA FHEE FAHT U, glucoseE olEdte] EEAFIALE

30%7F ¥k3-A171 3 dinitrosalicylic acid reagent=

2 & gAN 1 mL7F 1 mg9 glucoses A2 wo] g4h%ES 1

unit®  sfo] of - B 1 mL= fAketo] FAIEIH. 23] wbE S48

21



F4& oF . g5 ket & pH v (Corning, USA)Z =73} t},

THA3s F24 f-gF 10 mLE HlolAd FHem AAFow 1%
phenolphthalein €4S 7}gt & 0.1 N NaOH &Aooz AAs 1 AHE 0.1

N NaOH9| Fo =48 o5 Aol oste] %o AAqtins Yl

B 234 E=7(UV-1201, Shimadzu, Japan)E AH&3te]l 420 nmel A €]

T4EE FAFATH Mok 5, 1997).

F& g3 10 mLadl SFT ¢ 60 mLE 7Fete] 10+3F wHkA 7l &
100 mL= A £33 Toyo No. 22 o33k tf3 ofl 1 mLE # 3ol 3 mL
o] DNS Al¢kS 74k & 5&7F TSt g2

£ 2481 glicose EEALFAL o] g3 Batalg ),

3.75. A5 AA

10T 25TCollA 30d3F AFS FAHF] B F2& FAHD



flsto], Fd¥E AFFsts A 208 HER

THA 71E=e diete] AAskTh ute] Aw= b Alnt 2ute] o sfo]
9O¥y oz AAstgui(eler 7, 1994). o] Wl AH7Ee “ofFAsH(ED
97), BEoz AsrthEFwh(74), ADsttH(FEAR= vmA L= Zuh)(63),
HEoz ofstrh(umeh)(3%), ol  ofstoh(utmh (1)l s HA
A3 SAS program ©] €3] Duncan® THAAAHORE Folx E4S

A A SFATHSAS, 1996).
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V. BR R B

L zxagAFd 9% FREF A FA

411, Z2aFA Y o FAEF vAYE 44 L 24x 284G

4.1.1.1. AYPLHe] B nAEY AFEH

AElsreo]  FAYFY Al WA= JEFS FA8e7] 918k,
Ae(26C)A HEdES 100~600 MPaz g@ldte] 10&37F Az F
n A B0 Fol ATsE 6.8x107
CFU/mL, #2r#4E 13x10° CFU/mL, ERGE 8.4x107 CFU/mLo] 91t}
Lee S(1991)2 <4xFeA AAHdE HFE5 oA 2d3 B2ad +

lo
T
oty
uls
&
[1je]
DO
o
s
X2
4
—>J‘_Al
v
oy
3
gg

AWAl#SE 10°CFU/MmL, EF 5% 10° CFU/mLE, S3wEd wojsis

AAastdom, 400 MPa ool ¢hd3s AbdE . Sohn 5(1996a)2
HAdF20 Wy 52 Candida tropicalisE 25C/400 MPaol A 10% g =
nEZEgotutyt A X Bo] Wr o] s AFE SO, Hara 5(1990)%
FE  25C/300 MPaolA  10%  Azlste bty aRE g3
El

ol

APE E QA Tha BaEklth

g ATl A= 200 MPa®l AHelZ 27]#SF 6.8x10° CFU/mLol A
6.7<10° CFU/mL® ¢ 2 log cycle #23agom, 600 MPa 7+A &<
Fox vt Wste AR EA Gof, FAGEF AT HhAdo] & Ao=w

Uelstt, a98d 23agAE FdeE FAYTHE oS colony ¢

O
0
o
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ol
=

FH FAZoR A8 Holo}

ey
T

6*01:

1
R

o] el whaiA

At
o7 Anfth

o]
s

PN
T

iy

s

L}k 2] o

oju=d, =
=
q

o)
=

32 2o A]
9]
Z 3]k g o

T2 A

ke
T

}?}

e
| .

o

o] 1Akl

) 3ol
tol

o

Ao

3

bl

7\E1

5]}
=1

)

2]

Al

SR

@.

Rt = .

fl =] 9171

S

A7 A

i
i

"0

3} ¥ th(Farkas ¢} Hoover, 2001).

=

oAb} sl

hyA
-

Al

o

o
T

Timson¥} Short(1965)%=

9l tH(Cuoghi, 1993).

e A

0
o

ofy

= 2] 5o

1,200 MPa

-
1

A

hyA
-

o
=

oA A

Arobitol 600 MPa ¢ Fe Aol

-
1

A

hyA
-

57 9,
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—O— total bacteria
—&— lactic acid bacteria
—O— yeast

Survivors, log(CFU/mL)
N w B ()] [e)] ~ oo [(e] o

0 L L L 3 3

0 100 200 300 400 500 600 700

Pressure( MPa)

Fig. 2. Effect of pressure on inactivation of microorganisms in Foxtail

Millet Takju at 26°C/10 min.
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4.1.1.2. AP WX 2= IF
AT Fo ATES AFEATIZ] $18ke] 400 MPaolA A eEE
AFe-(267C), 38, 49, 58, 66Coz 2@ ste] 1087 A3 F Ag=7)
Akt E el A= FEFs FAsAH(Table 1). 24kt d aRE EE
S5 20 s AAEEAY. AT Aeere Frhel we o Fr)
FA438 Zrate AFS BPgou 66TCAME 26x10° CFU/mLOZ ¢H4 3
AEEAE 9tk Bae (199002 AlREFEES AetelA  55T/10%
Aeetd e w AFESFE 9 4 log cycle #Astel ok 10° CFU/mL7}
Agers 0CT=  F7HA71AY, AgAE 2080=
STHALE Al Tae g o #&EA e, o Hol Esh=
9= Bacillus sp.?l Aoz FAYPTE dnuryo=w
g absfo] YelAt oz A A Acetobacters oyt Lactobacillusd: &
TAPAH 5ol g7l wiEel BFe] pHE dEFF oA dxgR I
ey abA A Alete]l WS Hl Ad 7ol
Wdgdel A #F7F A4S HEHE=(Ogawa &, 1990), ZHEdh=

A 2 P50 U= oz Beln
FEo A AEgtde] mE A Ed(Fig. 2)9F vlaste] HW, LRbATS
9x10" CFU/mL7} #&E3a¢ A%k, 400 MPadl 4]
58CE HAY2EE =9S W I 7} 32x10° CFU/mLE #4dts A=
Hol atAYAl 25 W At FHEHUt mobdes o & UATH

ol el Aol A FAYF Fo i} FaRE Fug AA g

of

HadEe AT & dE bede Fstac
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Table 1. Effect of temperature on pressure inactivation of microorganisms

in Foxtail Millet Takju at 400 MPa/10 min

Lactic acid

Temperature(TC) Total bacteria ) Yeast
bacteria
Untreated 6.8x10° 1.3x10° 8.4x10"
26 2.0x10° - -
38 8.8x10° - -
49 2.0x10° H -
58 3.2x10° - -
66 2.6x10* - -

(-: not detected)
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4.1.1.3. AZAzte] @& HPEY FFaT

et digAdel e At AbE 2AS 27 fste] A(26T)H
T2(66T), A(200 MPa, 300 MPa)3 L3400 MPa, 600 MPa)ol A
A Ake 10, 30, 60 o= Zelsto] FAYFE g A= Table 29
ZEokrh. 26°C/200 MPaol A= A Algbel]l #Aglo] dwhbalet Erb ozt
Lokt g% AE A goen, 300 MPadlA & Aty amd AH$-
60 AHElZ 25T AR EHAA T dubAare FA ] H]ste] oF 2 log cycle
Hastdrh. 266T), 1400 MPa ool amel 2lakto] A2Azke
AAgle]l ZF ApEE o, AubAlwS 400 MPaolA 60%, 600 MPacl 4]

flo

Ogawa 5 (1990)

AP AE 71 AR Bk AstelE AREAL A Bgvtw wushg

ngANE B A AYRE AFEIT 2 W,

2

o)z wol ¥AE FAelt MBI A LN e e

i
als
A
£V
A
)

FGAT, meol N GHo] ¥SEE F& Azh] WTHES & 5

%0
22
o

olsh o] At LA FeolA wgA Ade] BB A w
g8 49 AAS HFEAA B G, ol ned wete)
o] JEA AEY 0 EA

7}
AN dEe] Aoz FHdAH(Kinugasa 5, 1992). ©]49

BN
Lo
2

Y
Y
4
e
b
N

N
IS
N
s
o,
(r
>
gL_‘;
N
N
9

bl

T

B FA8EFe AH9 Ay gRE AL A 400 MPad A=,

1=}
B
WA 66T 9 Lo A 400 MPa/60# =+ 600 MPa/10% A 2l= Hit
(3]
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Table 2. Inactivation of microorganisms in Foxtail Millet Takju with

different treatment time

26C 66°C

Microbes 200 MPa 300 MPa 400 MPa 600 MPa

10 min 30 min 60 min 10 min 30 min 60 min 10 min 30 min 60 min 10 min 30 min

Total

bacteria

1.5x10° 14x10° 1.1x10°  5.0x10° 2.2x10° 1.4x10°  2.6x10* 3.0x10' - - -

Lactic acid
. 1.3x10¢  3.8x10" 2.1x10" 1.8x10°  1.3x10° = — - - - -
bacteria

Yeast  51x10° 2.3x10° 3.0x10°  2.8x10* 5.0x1( - - - - - -

(-: not detected)
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41.1.4. A8gHe] & a4 EZAF
FAEGFE AL(26T)NA gGHdEE 1087 Ag3t F  g-amylase$}
glucoamylase®] JTAEAS ZA3AtHFg. 3). AES A3IA7]=  a—amylase?

Aggade orgol Zrto] wt A Zastgen 600 MPaolA 73.2%7F

£ dbd AsE HES glucose® 7RIS 49 glucoamylase?]
AUgde gEel Frtel wEl ta Asste AES Hirh uEbA

FRGTE F2oA ez AHEste Aoz E g4 B gt
A ko a-amylase® U glucoamylase?] =437 o o] Yo}
o
==

a4 EAste AE&d A, diFEe aas2

=
2
AL
Ll
fol

HAw, 4% maEe wHE B4 F/se 29% 9Ed, Haa

5(1990)8 A FEAES 25T/600 MPaolA 108 83 & a-amylase?
3}

Q

g8 70% W=, glucoamylasers 1% SHAME Aol U E

>

FAEAGL Hasg vl Matsumoto(1994) %= 1%t 3t A Bacillus
subtilis7}  #H]&E  a-amylase®= 150 MPa 7bA AdigAo] A E
ezl bEel S7kek tieol #FAske] 600 MPaol A= 83%7HA
B34435 e, 150 MPaollAd 4849 45 AFayo] 93 Ao,

G grel o FYASRE g g% Eawwde WA 1

AS7 wed, o597 F2o dFEo] 9 pectin methylesterased]
&4 skl = 20C/1,000 MPa/10% T=&= 57C/600 MPa/10++2] A 2|7} € a3k
Ao 2 d#A Adth(Ogawa &, 1991). 8o = 100~200 MPa H =9 v
HHolM = dEe WA o] dojupx] FAY A oR wAd oA
Aol dojupAg 300 MPa o]l wide wAddAT weps T
EdAstE fsiAe dE Y vheukgs WAE & Qlojof shH, ol E

MG maERBSE wad e dHe APxds Bew e

Lo

|

y



Aoz dHA  JtH(Ogawa T, 1991). wehA FAEFA A=

zastAg e ofstel FaE BEAs ATV fdiME Al 600
MPait} =& telo] 278 Aoz FYHr)
140
120
X
> 100¢
2
8 80
)
2 60
Y
[3)
v 40 -
20 - —®— o -amylase
—O— glucoamylase
0 1 1 1 1 1 1
0 100 200 300 400 500 600 700

Pressure(MPa)

Fig. 3. Effect of pressure on enzyme inactivation in Foxtail Millet Takju at

26C/10 min.
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4115 E2EZHI g 229 IF

FAETE 400 MPadllAl HE2=2d Gestds u, ALt 549 &
g ste] mx= G Table 33 2 kth a-Amylase®} glucoamylase &7
58T ol/delA &Aool FAs A st o, 66TCAAA a-amylasex 59.7%,
glucoamylase™ 205%7F E<&/d3t Atk Aggded e a4AE54493 &
H(Fig. 3)¢} w74 2 glucoamylase: a-amylaseo] H]slo] &34 3171 ¢
oo, 48 B&4ste AYAYA 227t &5 o Z3F AT

Sohn 5(1996b)& 19t slollA T MAEE #2 25 EE 9e 2504
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Table 3. Effect of temperature on pressure inactivation of enzymes in

Foxtail Millet Takju at 400 MPa/10 min

a-Amylase Glucoamylase

Tempoerature Residual Residual
() Unit/mL activity Unit/mL activity

(%) (%)

Untreated 53.3 100 6.99 100

26 499 93.6 7.43 106.2

38 55.2 103.5 7.45 106.5

49 51.7 96.9 8.12 116.1

58 26.5 49.7 5.91 84.5

66 21.6 40.5 5.56 79.5
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4.1.1.6. A At wWE a2 EZAGS

a3 ado A A A Fke] FAE T2 a-amylase®t glucoamylase®] &

28X W R = FEFS AR (Fig. 4). a-Amylasee] 4F 66TolA =
ggHo] =555 549 A FEsd =, 103 A2l Al 400 MPasl

A 40.3%7F =S dbd 0 600 MPaoll A= 5.1% Tho] #Este] A g3k}
oF 84 o =gl sE Ad2elA ZFEAHE (65T, 30)o] 9d a-amylased]
FEZA L 14.1%F =4 Hkelo], 66°T/400 MPaoll Al 30% A= FkEEA o]

83% olal7t ¥+ ALz Hol st rtdAERTgE I9s HES 4
A E A EI w7 FA 2 a-amylase?] EEAIE O FAAZ AU

o 323 39k = 66C/600 MPaolA+= 30% A Al a-amylase’} 98.8%
=gt HJATh
Glucoamylasex= 2123 319tell Al A A|Zke] Frlell e EFstar &4 o]
205~26.7% Hiell A A AR 7FE A 265, 30)el o3l A = 83.6%
7b B84t Zo® Hol glucoamylased #HEZAL st A o] M]3k
a2 u9FS wWEkeh Ay zelA HS =9kth Hayakawa(1992)o] <]l
delv ¢ F7t2 =843t HJAnrt it A e Al AgA st Hd=d,
TaAG o3 3 T

2
R
Au)
=
lo
o,
)
)
o
o
g
o
rfo
oX,
-
P
_1
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(a) a-amylase (b) glucoamylase

100 100
72 400 MPa
rXXx1 600 MPa
80 80 ]
S 2
;‘? 60 - 60
©
©
)]
= L
g4 40
4
20 20 L
0 /- 0
10 30 10 30
Treatment time(min) Treatment time(min)

Fig. 4. Inactivation of enzymes in Foxtail Millet Takju with different

pressure and treatment time at 66TC.
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41.2. 2I3AAAY FAGF) AF T VAL, 284 A F2 9%

4.12.1. MAETY ¥
4.1.2.1.1. kA FS2] W3
FAEgFE 9(65C/30 min)T F31(27C/400 MPa/10 min) &2 =
T 10T 25TelA 30¥7r A Agetes st dwkAldse WIE
A= Table 49 vt A AF dvAFsE At 80x10°
CFU/mL, Z31¢A#37F  83x10° CFU/MmLE, FA879  6.8x10°
CFU/mL$} vlmsle] 2 o 93 2u¢H8 2 ¢F 3 log cycleo] 7F245 ¢tk
AG7N 7ol wE A WIE B AT E 2F8 faste
AFE Btk AG2E 10CAAME A7 nlaste] A3 309 Fof oF
1 log cycle 743k ¥k 25T o A= ¢k 3 log cycle 7F43Fe], 10T A Bt}
25Col A #ZaEo]l v Zth Mok 5(1997)L 4Tk 25ColA W tF=
A%ste w3 Adas A 71k wek ZFAs o, Lee?t Kim(1995) %

o
ro

N\
o,
rot

Aol mel dFEe Astz skl Aol AdE W] wWEd Ao=

A3 F2 FAE RS WAAEA FHE AL EA8 ] wEelgn
Hasglth Bae ©(1990) Al gFE 55TColA 10#7F A 24kdtsto
Lol AFAPE A QWA TFFE Z7d 10%A 49 Fel 10
CFU/mLZ 7Aadt o]F Ao w3yt gldlen, o5 IAPAH Tl e

Moz =459t}
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Table 4. Changes in total bacteria counts(CFU/mL) of Foxtail Millet Takju

treated with heat and pressure during storage

Storage Temp(TC)

Storage 10 o
Period
Heat Heat
(day) Untreated Pressure Untreated Pressure

treated  treated treated  treated
0 6.8x10°  8.0x10°  8.3x10° 6.8x10°  80x10° 8.3x10°
3 8.0x10°  96x10°  1.3x10* 9.0x10° 85x10° 9.2x10°
6 3.3x108w J 1 2x104 110nk65101 59x10°  1.2x10*  1.6x10*
9 75x10°  1.6x107 1.6x10* 2.9x10"  15x10*  1.6x10
12 6.8x10°  1.1x10" 1.5x10" 87x10"  15x10" 1.5x10
18 3.1x10°  1.3x10"  1.6x10* 3.0x10"  1.7x10"  1.7x10"
24 6.8x10°  7.2x10°  7.4x10° 37x10°  56x10°  4.6x10°
30 6.9x10°  7.1x10°  8.2x10° 2.2x10°  6.3x10°  45x10°
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Table 5. Changes in lactic acid bacteria counts(CFU/mL) of Foxtail Millet

Takju treated with heat and pressure during storage

Storage Temp(TC)

Storage 10 =
Period
Heat Heat
(day)  Untreated Pressure Untreated Pressure
treated treated treated  treated
0 7.0x10" - - 7.0x107 _ _
3 6.7x10" - - 29x10°3 _ _
6 3.3x107 - - 3.7x107 _ _
9 2.0x10° - - 1.9x107 _ _
12 1.0x10° - - 1.0x10" - -
18 1.2x10° - - 1.4x10" - _
24 14x10° - - 46107 - -
30 14x10° - - 37<107 - -

(-: not detected)
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9 A AFLE 10CAME ERF7F A7 St A9 wWar glgle
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Table 6. Changes in yeast counts(CFU/mL) of Foxtail Millet Takju treated

with heat and pressure during storage

Storage Temp(T)

Storage 10 -
Period . -
eat eat
(day)  Untreated Pressure Untreated Pressure
treated  treated treated  treated

0 9.5x10° - - 9.5x10° - _
3 9.6x10° - - 8.4x10° - _
6 9.8x10° - — 3.6x10" - _
9 1.0x107 - = 9.8x10" _ B
12 870" - - 14x10° - -
18 4.6x10° - - 5.6x10° - -
24 1.6x10° - - 3.8x10° - _
30 3.0x10° - - 1.9x10° - _

(-: not detected)
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41.22. 24849 W3t

4.1.2.2.1. a-Amylase &4 ¢ W3}

FAYgF HAES dgstet= dH oA FHEE = a-amylase?]
G713k mE dAd o] WSk Fig. 59 &2t F2YgFE dAgs A%
a-amylase?] AL 218%=, FAgld Hste] T82%7F EEA 3}
HAoy, zuskAEd AR AUE@AS 1067%®  Z7|ETH tha
S7hstdth 2t EAgA ] v G teid = 24 TR
wz} gAstel EgAdste a3 2% Bas 1 9th Hongd Park(1998a)-S
FANE ZuJAYSES W FFO AFdE dOoI]=  pectinesteraseot
polygalacturonase®] &4 AHgdHeo Zrbo waEl F71sg i, Sohn
5 (1996b)2  mhes YA AS W allinaseZt A3 HU

al,
Seyderhelm % (1996)-2 © S & Ao A HEsd s

k=)
1z
it
o
T
g
el
%
fol

AF717re] g gagAe WatE 10CdA AFshe 59 FA
ZzagAE = A 3ol 77 161.0%9F 169.7% % & AT o
bR T 1 olF FAEGAR 7] @A4RTE e d4S
A o, A 3090 ZHz; 1353%9F 137.7%°1Avk. ey A e
AF717r b &4 Wstrl A9 gldvh AR 25TCedAE FA
ZaGAY T A A 3Uo= 10T o] aagAdo] 242 161.99)

272 A3 S/ERARE, 1 olFoll= 10TCHdA <= g' H473
Hrstdon, A 30del A7 479%9F 68.7%E AT ey
A= 10CoA et w7z 7o Wb gllew A% %719
EAEAS FAE Y. Ogawa 5(1990) % 25U F25 2193 g8l

0CelA A Fste= %< pectinesterase &AL 3| E %] gkar XA 3]

43



200

(a) —O— untreated

E —®@— heat treated
- —<4— pressure treated
X
3
z
z
5
©
o
2
° 80 [
[
o

40
o o o o o 04 20—
0 . . . .
0 6 12 18 24 30
200
(b)
9
z
B
ke
©
[
2
S
[}
x
0 . . . .

0 6 12 18 24 30
Storage period(day)

Fig. 5. Changes in a-amylase activity of Foxtail Millet Takju treated
with heat and pressure during storage at 10C(a) and 25C (b).
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4.1.2.2.2. Glucoamylase &4 ¢ W3}

ANalyl HES glucose® 7FFEdlstE &4 glucoamylase?] A7 7kol
w2 Aol W= Fig. 63 2t F2ET9 glucoamylase 73t E4d &
AA e AF 171%<20 v, kA e o= 108.0%= 23]y &4do]
<7k Ak

10CAdA Agstes 5 AT Alme dudde] =54 F7kste A%
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FA Y Tet 2k A g e A7)l whel &Aool STt
Z+7y 119.2%9F 1582% =, 1A 3t 9 =
A 25Tl = AZ7IZtel wel dAe] g 5o &4do] 10T
g @o] Z7tsle]l A% 30d ol 54.3%% 7H9 A Ao TS BT
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YA, 2askA g S8 "Es AR 129 1593%%2 57
st oy A 3090+ 1149%= 7MY =& #A4S fAdIdY. =
Glucoamylase®] &4 A&7]tel wel Frhstdon, sk A=
AR 21~430 =& 245 FA s TH
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Fig. 6. Changes in glucoamylase activity of Foxtail Millet Takju treated

with heat and pressure during storage at 10C(a) and 25T (b).
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4123. F243

4.1.2.3.1. pHS W3}

A 2o R A FREF A T
FAxg F8gF] pHE 37590 Wi, dA g e} zutAe e 47
382%2 v FUheTh dWrA o ® AES ZastA st
Ao=m deiAd S,
Marquis(1976)+= 45 e Ad714 Aa#xegS dgsteds= dako] o] A=
e oS BE =IAYA HER, £53 29 pHE 01 MPaolA

70918 dksle], 257T/100 MPadlAl & 6272 ZAEw AdE itz

B ustdtt. Hoover (19892 =2 HESAlS ®EAFHES 713
ZH Al 7131 interchain  reactionS F7FA7I=dl, &AM Hy|7}
Haste olf e dERbSo® W2 o o3t I1Fo] FTUFHEI o]

10CAA Aets < F28 89 pHe Hadtel A% 27] 375004
A% 309l 352% =, o= FAY FAEHF Wiz e AT E
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=
300 MPaz 108 A2 A3} F& Fol dojus A (after

acidification) S WA& 4 AAtt= Hil(Tanaka®t Hatanaka, 1992)¢}
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Fig. 7. Changes in pH of Foxtail Millet Takju treated with heat and

pressure during storage at 10C(a) and 25T (b).
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Fig. 8. Changes in titratable acidity of Foxtail Millet Takju treated with

heat and pressure during storage at 10C(a) and 25T (b).
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4.1.23.3. B4 F W3}

At 2ugtor AEg FAHFY A T @utd #AVE e A
Wal= Fig. 99 2tk FAg F28EgFo U TS 1.00%90 b,
Aot 219 AYFE 47 153%e 2.17%=2 F
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Fig. 9. Changes in reducing sugar of Foxtail Millet Takju treated with
heat and pressure during storage at 10C(a) and 25T (b).
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Table 7. Sensory properties of Foxtail Millet Takju treated with heat and

pressure after storage for 30 days at 10C and 25T

Storage temp(TC)

Sensory 10C 25T
attribute Heat Pressure Heat Pressure
Untreated Untreated
treated  treated treated  treated
Sweetness 2.5 4.2¢ 4.2° 1.5° 3.4 1.8°
Sourness 7.8 5.8 4522 8.2° 4'7¢ 7.8
Bitterness 6.4 4.6° 4.6° 7.0° 5.0 6.6"
Overall be , . . b .
3.2 4'7% 47 2.0° 4.4° 2.2¢
acceptance

The same superscripts in the same row are not significantly different at
5% level by Duncan’s multiple range test.
1: weakest in taste(or most dislike in overall acceptance), 9: strongest in

taste(or most like in overall acceptance).
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CEIGAY B FHEF AFH B3
42.1. ZagA P Y3 FEYFY vAE 47 2 EL EEAF

42.1.1. AYPLHe] W& mAEY HdFEH

Aglsreo]  FAckFe Al WA= JEFS FA8e7] 9184,
A2 (25T)A  gES 100~600 MPaz  =Zdale] 1083 Agd F
nAdEe] W= Figo 109 23t A7 F2%F dvkAds=
15x10"  CFU/mL, #ZA#5E  19x10° CFU/mL, #EEFE  1.4x10°
CFU/mLC. %, F2g39 duk#d4el 68x10° CFU/mL, BTS2l
1.3x10°, %42 84x10" CFU/mLel Hlate]l ¢k 10° ~10°¢] &=l
oAy F wAEe] AAFHAZ] wEolth w1999+ FFE FIHAI=
N ES o oFsle] 60T 20~30%o] AtEsiL, B9 A& A

of gpefo] UAA @i HetmE HAIEAFS HAFT 102 ol FAIAIA

FAFTE 65TCOA 1587 dHFAS W U¥ATFE 4.1x10°
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Ak Wb At gRaes AgEe] Sk wel 549]
askien, 300 MPa ol dolM = ¢hds] At AT FagFo] ZAkat 3t
FEE 26C/400 MPa/10%olA  Eitd W, F2%F= 257C/300
MPa/10&l A Eit o], FaAkFe Aty gws ditste=d a3
ol o sek=d, ol AR i e 27 Aol 9% Aem
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Hara %(1990)2 HFE 25T/300 MPaolA 10% AHzlste] Aty
ERE gHE] ApEEJeH, £(1996)> AR #HEE 5T ZHtS
3x10° CFU/mL  ®7 ®@asel  destel  Aeoa  aushHzs A
Pediococcus cerevisiaes A ¢Jsr EE ALk 400 MPaolA] -3
AE At ®Hadkdth Delfini 5(1995)2  sweet wine¥ A X EF9
Saccharomyces cerevisiae?} ZAFE 350~600 MPa¢ Az A3
AE Ao Hoover 5(1989)% pH 25~45% A2 ES A=A 400
MPa/30+ =+ 400 MPa/5~10 Aglste] =R, H3o], FUAE

ZagAee oF wAEe &4 ool Asbel  fsto]  AlE
Fu7h Aasa AlEd $ ddHer Arrh ofgh F97F aEH,
dEdNE sk dAE H dmE2 dSsade] gste ¢ ®Be
swakbel dgsteeA FHel Fx7F ARV i Aem F4Hd 100
MPa olste] 4= arel s FFs wern 400~600 MPa
ol el mEZ=eotst QXD WYL 74 = (Shimada 5, 1993),
Osumi(1990)= 300~400 MPaollXl  Saccharomyces cerevisiae®| 349t}
mEZegotute] w3 7p el val B oals) it

dd dubAlEel A9 300 MPa®l Az Z7]wF 15x10° CFU/mLolA]

4.08x10° CFU/mLZ F 2 log cycle 7234 A5 600 MPa 744 ¢+€S
ok Ate Wals BEEA ke, o2 Hol FaokFo AvkAT F
Ir= Ygtdel 2 Aoew FAYJY. AF7A AFAId oA

5719 dEAE= bl 7 ofet X +t& 300 MPa, L1834 -2 500

MPacoll Al APE ¥ W 25> 700 MPa o] A= AEstH ol b
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Fig. 10. Effect of pressure on inactivation of microorganisms in Foxtail

Millet Yakju at 25°C/10 min.
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Table 8. Effect of temperature on pressure inactivation of microorganisms

in Foxtail Millet Yakju at 300 MPa/10 min

Lactic acid

Temperature('C)  Total bacteria _ Yeast
bacteria
Untreated 1.5%x10* 1.9x10* 1.4x10*
25 4.0x10° - -
37 3.7x10° = -
46 3.9x10° - -
56 3.1x10° - -
65 4.2x10° - -

(-: not detected)
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4213, YA @& wBEL FFEH

W ddAdel e Alee ArE 21s Z7] 9stel a2(65T)#%
39300 MPa)ollAl A AZHS 10~60F2o.2 Eeste] FRFFE A
ATE Fig. 117 28ty kAl A A 10~40214 A2 #shrt
Ao 2ol el A syl AlFEke]  60% A F 1.1x10' CFU/mL=
T e Hlete] ¢k 3 log cycle 7A3%A T} Fujiki®t Mochizuki(1993)= B

subtilisBt} @A &Aool ¢ =& ZAow dEHA A= B. licheniformis= 60T,
800 MPa, 309 A= ¢bd APEH vt BHagh 2o Hol FRokFL
AubAl o] AES feiA = a3 asfel A FAIZRe] ngA et Zas
2o et

o

Adutd o g AFEA= 50~60TCoA 100 MPaz ©AIZF A2 sk
7] stoll A 458 7 3}l dhol(tyndallization) 7} F-#2 o8& dojup wolg
X2 ¢y 2R e wUEeA 9EFs vty dE A AT (Smelt,

1998). webd  oleld WolFAL ANW  EAe Aito] folsmm,
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Fig. 11. Effect of treatment time on inactivation of total bacteria in Foxtail

Millet Yakju at 65C/300 MPa.
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4214 ALFe & 249 2T

FEGFTFE A225T)NA FEER 1023t 2adAEs ] dsta il
a-amylase?}t %3 &4 glucoamylase®] &AL =A3FAvHTable 9).
a-Amylase®] &4 400 MPa 7-A & A" #Aglel FA et
Alzsksl o, 500 MPa ool A= fede=m Hasiglon 600
MPaoll = 181%7F E&43F <t} Glucoamylase? &A% a-amylase9}
b 7FA 2 500 MPa 7HAl = A g kgl #AIglel A9 Wkt il 600
MPacll A= foldos  Aastel 211%7F EBEAs  HAT  weA

FEAFE 2o ngAste AToRE BLe BEAs &t

fo

Ua Aasoen 600 MPaolA 73.2%7F k&S dbd dstE ARES
glucose® 7}FE3lst= T4 9Q glucoamylase?] A o+

gk v Asste A4S BRYed, o Hol FUd g4adAE=
media®l wet B&Ast g7 S S & 4 AT Hendrickx 5 (1998)2
L #:MAF2(11, Brix, 60, Brix), A®8&9% Tris buffer £HJpH 7)<
45CoA 600 MPa, 10% 23t ¥ pectinesterase®] Z4S A3 2}
11, Brix9 Q#:A|F2oA g4ASHL 87%7F Fastd oy, 60, Brixel
LA:MAF29F Tris buffer &A= 32%, HEEAgr= 19%7Ho]

23 HATa ikl
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Table 9. Effect of pressure on enzyme inactivation in Foxtail Millet Yakju

at 25°C/10 min

a-Amylase Glucoamylase
Pressure o Residual o Residual
(MPa) Activity o Activity o
(Unit/mL) activity (Unit/mL) activity
(%) (%)
Untreated 154.2+1.8* 100.0 14.1+2.0° 100.0
100 153.4£1.3° 99.5 14.4+1.7% 102.0
200 151.3+0.9° 98.2 15.6+0.6" 110.2
300 154.1£0.8° 99.9 15.3+0.5" 108.6
400 153.2£2.2° 99.3 14.6£1.4* 103.7
500 145.7+0.7 94.5 14.4£0.4* 102.2
600 126.3£3.2¢ 81.9 11.1+0.3" 789

* The same letters in the same column are not significantly different

(a=0.05).
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4215 E2EZHI g 229 IF

FAGFE 300 MPaolx =5 @ste] Aglste] &7t 54
B3+ )0 n] X] = gas =AY (Table 10).  a-Amylase®}
glucoamylase =5 46C o]/dolA Aol FZASA ZAAasAom, 65CAA
a—amylase: 77.8%, glucoamylase: 67.9% EZAE Z oz Hol i
EdAstE 1 A- YAl 257F =555 &34 oAtk Eshitiaghi 5(1993) %
S 400 MPa, 1539 1txg]&  polyphenoloxidase®] Z4o] 20%

=

2s7E S3E il ®asol
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Table 10. Effect of temperature on pressure inactivation of enzymes in

Foxtail Millet Yakju at 300 MPa/10 min

a-Amylase Glucoamylase
Temperature o Residual o Residual
(C) Activity o Activity o
(Unit/mL) activity (Unit/mL) activity
(%) (%)
Untreated 127.8+1.3° 100.0 15.0+£0.9" 100.0
25 128.9+3.3¢ 100.9 14.8+0.6" 98.5
37 126.6£1.5 99.0 14.5+0.7" 97.3
46 117.0+1.8 91.6 13.0+0.8" 87.3
56 61.9£0.6° 48.4 8.6+0.2° 57.6
65 28.3+2.4¢ 22.2 4.8+0.2¢ 32.1

* The same letters in the same column are not significantly different

(a=0.05).
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4.2.1.6. A & T4 BT

AL2(65C)2 319HB00 MPa)ell Al A2l Al ko] F2ekF9]  a-amylase®}
glucoamylase®] Ao wx= FaFs FAHSAH(Fig. 12). a-Amylase?]
A5 10 A=A o] gAA FHAaste] 77.8%7HA B AT 1y
2 ool A ATt e Ao thAh HAade AES HIAA N 608 A
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W8 A9 a-amylase®] EEASE oS XA & AUTH

Glucoamylase:= 65C/300 MPaollA 10% 8= 683%7F E&A3}
HAARE AYARE STAAE ol Wste #EE £ oglloewn,

A2 (65T, 152)° 2lalir = 73.8%7F =2/ At
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Treatment time(min)

Fig. 12. Effect of treatment time on inactivation of enzymes in Foxtail

Millet Yakju at 65°C/300 MPa.
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Fig. 13. Changes in total bacteria counts of Foxtail Millet Yakju treated

with heat and pressure during storage at different temperature.
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Table 11. Changes in lactic acid bacteria counts(CFU/mL) of Foxtail Millet
Yakju treated with heat and pressure during storage at different

temperature

Storage )
Storage period(day)
Temp.
Treatment

(C)
0 7 14 25 34 43 55 64

Untreated 1.9x10"  62x10°  74x10° 3.8x10° 4.6x10° 29x10° 1.6x10° 9.7x10?

Heat treated - - - - - _ _ _
10 25 /300 MPa
/10 min

65C/300 MPa
/10 min

Untreated 1.9x10" 34x10* | 80x10° " 7.4x10' ' 1.7x10"  75x10° 8.0x10° 1.2x10'

Heat treated - - - - - — _ _

25 95 /300 MPa
/10 min

65C/300 MPa
/10 min

Untreated 1.9x10* - - - _ _ _ _

Heat treated - - - - - _ _ _

37 951/300 MPa
/10 min

65C/300 MPa
/10 min

(-2 not detected)
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42213 &axndeo w3
Table 12 93 2 7u9to =z A3t FAFFo Frdo Walo|t) 3]
FRFF FRSFE 14x10" CFU/mL 9A W dxg e 2ustx g ostd

ol Aol A 227t dAHYENS Wl EEE HEHA LUty Husdded B
Ao Aol dA AT

10ColA Aga FHZTFA B9 AG 64Loll= Adz7]o] Hlste] oF
2 log cycle ZrAastoy, 25Ce 37CAAME A 79 o Az
Hlauske] oF 1 log cycle #&% & A7 Wl AE=9HA 2% Lee
(1994 FF9 F£0]'82C ooz 2= HY EZRE FEEE
walste] AlEETE Rustdh Mok S(1997)e wlad okrel AR =
EEFE 37C AFTY A A 149 Tl wHAHA gtew, 4T
Aol AF 25Tl wgte] wmE A AFS UEuddal B
Mok S(1998)% 65C o]ddA 7FEds <5+ o ax
25CoNA 8F3 A% T HAEHA Fshvhar B

A xFE BE A ROA fRel wFols WAHA fkskew, AR
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Table 12. Changes in yeast counts(CFU/mL) of Foxtail Millet Yakju

treated with heat and pressure during storage at different temperature

Storage

Storage period(day)

Temp. Treatment
() 0

14

25

34

43

55

64

Untreated 1.4x10"

Heat treated -

100 954¢/300 MPa

/10 min

65C/300 MPa
/10 min

3.7x10°

3.9x10°

2.2x10°

1.1x10°

45x10"

2.8x107

1.2x10°

Untreated 1.4x10"

Heat treated o

2 95/300 MPa

/10 min

65C/300 MPa
/10 min

5.0x10°

Untreated 1.4x10"

Heat treated -

3T 95:0/300 MPa

/10 min

65C/300 MPa
/10 min

1.0x10°

(-: not detected)
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Fig. 14. Changes in a-amylase activity of Foxtail Millet Yakju treated

with heat and pressure during storage at different temperature.
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4.2.2.2.2. Glucoamylase &4 ¢ W3}
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Fig. 15. Changes in glucoamylase activity of Foxtail Millet Yakju treated

with heat and pressure during storage at different temperature.
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Fig. 16. Changes in pH of Foxtail Millet Yakju treated with heat and

pressure during storage at different temperature.
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