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Abstract

Intense pulsed light (IPL), also known as high-intensity pulse light (HIPL), is an emerging non-thermal technology that uses light
pulses of short duration, ranging from ultraviolet to infrared wavelengths, for microbial inactivation. This study aimed to investigate
the sterilization of Saccharomyces cerevisiae in apple juice using IPL and mild heat. As the light intensity and treatment temperature
increased, S. cerevisiae showed higher inactivation levels. When treated at 600 V and 50 °C for 10 min, clear and cloudy juices
showed reductions of 3.95 log and 3.58 log, respectively. In terms of quality changes in apple juice due to pulsed light treatment,
Brix and pH showed no change or a slight increase as light intensity, treatment temperature, and treatment time increased.
Titratable acidity showed almost no change or a slight decrease. Color values showed a tendency for L and b values to decrease
and a value to increase as light intensity, treatment temperature, and treatment time increased. Pulsed-light technology appears
to be effective in sterilizing both clear and cloudy juices when combined with appropriate temperatures.
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Atk ]t AR £(Rosaceae Mauls)®] Sigok= ThaA 4]
291 Ajgjire] Fefolck Afziofe wlEkal Co} Aol st ozt
catechin, procyanidins, dihydrochalcones, flavonols, hydroxycinnamic
acid 59 Zf|¥l= 3=} butyl alcohol, ethyl alcohol, butyl
butyrate, ethyl butyrate 52| 37| A&o] gkF=lo] JthKim et al.,

1996; Alvarez et al., 2005; Park et al., 2012). ARK= AxjEut ojuz}
FA 9 S8 A, 4, vpgdels, 529, A4S AR 5o& o
FSHA 7FE o] AHlE Qlom, T Fof =AW 3R FHIO| A
I} 718 AH7F90% oVdZ ARATSIaL QUtk(Huh, 2010). AlsoflA]
=T Q= AR A= ARE 2E0E & A4S AR SE A
O AE IEER 53 the quﬂ—rg o] Y] sz St
84 2= WroliIth(Sohn et al, 2006). AR F240] HEGS Y
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AZ17] §fof 2 118 DARE Atio] ARG AL /1o, 71 A
3 T 4% /320 HopH EAYsHA Eo] Jeae] wpint ofet
A, g B3t 22 AR FAE T HolRA Har, F9of wEt
A= QA Fofiet B8 /95 1% Fck(Moyer & Aitken, 1980;
Hong et al., 1999; Aguilar et al., 2007). T=FA] o]2]st FAIES 4
3} o17] ffofl EEe] AAFE ARES Wi 4 U= ke T
71&0] A=A Qlom, AR Al AlRlolA A= = HIZHE 7t
T 7|&oh= A "A A7 (high voltage pulsed electric fields),
Z23(ultrasonification), Z3'(high hydrostatic pressure), H]7}&
Z2}20 (nonthermal plasma), ©]23} ZAK(inoizing radiation), 1AL
o= B}A(high voltage arc discharge), Z1'5A}7 |%H(oscillating magnetic
fields) 501 It} 3FBA= B ARE B1Lt AT E A7
O] |2 mpgo] Wl AF o] ZARIo] nES AFBAIRIC=H
2120] HE77FS AYA|7)= 7]&o]thDunn et al., 1989; Shin et al.,
2010), 32 e A] ok o] A7 sick of 20,0004 7
St, 714 Aot e AlFo] FEAQl Fake vixle A, et 2
=T3-Sk B4 99t 549 waPt Anie Aol it
(Ross et al., 2003). 12} JEA 7le2 i, B, 2 AE 5
VA Aoy 1Al 3 Atol] IRE St iEEol &
A ARl Hiet A= Bs] NPE|A] gkl Qirk(Shin et al,
2010; Park, 2021). & LoAf= AR A AR Al 74D At 24
e Heol7] flof Se A9k AR FAof e 5% 5 3
2 A 202 d7gsto] 71 At WL FEA ARlE SR AR
F20] uE At A3kE PopH A} SISich

Ado] ARRH Al SEEAE AT ol 52 (Boeun,
Korea)ol| A AFE ARFAE ARESIIOH, HAFAE= ZEY|
o a2 EldlE] 100% ofE S (Martinelli, Watsonville, CA, USA)
£ ARESISItE EEFAE AR 8 & Y Hjof] ARESto] Al
e AL FYste] 40Tl EHshaA] A Aol Ad2olA s
sto] ARESIILL, ZHEAR ARl AAFAE SEFARL g A
2] Bystol FAo] & Haprt glo] Fuf & Ao HohH
A 3ol ALgaHct
NEFZ

o] A3t Saccharomyces cerevisiae (ATCC 12224)= St
Z74495] B gkt n]YEHZAE(KCCM, Korean Culture Center

of Microorganism, Seoul, Korea)ZH-E| HOFo} potato dextrose
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agar (PDA, Difco Laboratories, Detroit, MI, USA)]] 252f $F A
Al vt om, 4T HafelHA ARESITE AFEAR AME-
T S. cerevisiae= R DI AEH FEE FAISH] Sleh Hig
ol O & YM broth (Difco Laboratories, Detroit, MI, USA)S AR5}
o] 30T 9] shaking incubator (C-SKI-3, Changshin Science Co., Ltd.,
Seoul, Korea)of|A] 24A17F ZulfRt &, vjURt FHS A= HiF
Mol 2% FFsto] tier 524171 R 8. cerevisiaes AHOl| AL
It S cerevisiae BJOFNL- 15 mL snap tube (SPL Lifescience,
Pocheon, Korea)ol| 10 mLA] £33} & AR20fA] 4,000 ppmOZE 10
E7F 4AEE(Gyro 406G, Gyrozen, Daegjeon, Korea)olo] o-AIE
RN T A5 vlelT HE el 23] Aeesiol
Aol AMgsISitt o] f HE #A s S cerevisiae:s 10°
CPUIL 43201527, 2 Aglo] A8 7 AlRohe EUst 27
o o AkgA Hlerelol AMBIITE

ol

A X2 Ex]

2 Ago] AH8E BEA A7) A 2A) B9 BFEModd
JP-PS2550, Jaepae Hi-Tec, Incheon, Korea), g, HA TAY7]
(Model JP-PGT50, Jaepae Hi-Tec, Incheon, Korea), 2] -87] 5-2.
Z gH] AthFig 1). Y SFF= AC 220 V, 50/60 Hzo
€] RS AHgSISiTh FEE DC AR 0~600 VOl 4
A 4E ZE 4 RS Sion, AN TH5E R 1~20
Hzolt}. Aslof] AREE T2 xenon XAP series®] flash lamp (NL
4006, Heraeus Noblelight, Cambridge, UK)& quartz A2 9] L&
ARSI oH T2 xenon 7EAR FAIEH O] Al A2 8= A
o ARZ A=A, AR S5 2% 2L ) AFH
water jacket FEIZ Fof Qltt. A2 7] 7H&-H|ofl= xenon lamp
S AT 5 d=F ARSI A2 &2 13 mLojt

A Y FE 2

=

o FES HE ARSEA 200 mLE 500 mL AFZFEERAT0
ye & g xolA 30, 40, 0TV HEE o F, A% HI
(Peristaltic pump, Masterflex 77200-60, Cole-Parmet Instrument Co.,
Vernon Hills, IL, USAYS AR&510] 150 mL/min2] G40 2 £:315}
Ak FEA A Al A G 2EE A5 sl AlErt e
A ANEHRATE FLT 22 APE P2 F20M AR 2%
£ 7 LA FAlsI o, A2 -§7(treatment chamber)2] HF
Z2Eo = FUT 2=9 FRTE 2 52E & FE S
cerevisiaeS F53t AR2] FHA HFE A 400 V, 500 V, 600
V, "A =10 pps, =% 30~50T oA Aeotar, AeA 0,
2,4, 6, 8, 1027 A5l oM, A2 T Bt S7of ARSIt
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Fig. 1. Schematic diagram of the experimental apparatus for intense pulsed light.

FEA A2 A% Ak A 1 mLo]| BE A2 2 G5(NaCl
0.85%) 9 mLE 5] 1030z A4 3|45t 34
1 mLE Het #iFgAlell 2 & PDAE 7o Eofal 30£1T
oA 48A17F wfiefate] FdE ArE AlSal = 30~
3007 Ato]] A Aot o, FEA Aol whE o] A
B2 27| oA AN FEA A2 7o A (N2 H|Z LEr
Wl e AlEe 39 Wi dddste] S4g99itt

A £5(0H) ¥ DU

A0l WA o] WE S cerevisiaeQ] AFE &= 4 (1)
I} Zo] 13} ¥kl ofAsto] shAlsiict. W Al7] 9 AR=E
AL HBE ¢ HIERE AFES E46urt I At
A9 7127125 AFE £X(bE FeRled, DI A F
ol-gsto] Allstrt.

N
Inﬁ— k-t (1)

D= el (2)
o71A Ny 27] WIE o N FEA A S uBE 4 ke

APBEE AR min ), £: Z2] A)7Hmin), D: decimal reduction time

(miny& Jw]gic.
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e ua A2 0] Aat FAF S| Chroma meter,
Konica Minolta, Tokyo, Japan)E o]-&35}o] Z45I9it). #5 wiA
o] ZF2 1=97.31, a=1.01, b=2.320]3Jt}. AR} A= A& 50x15
mm®] YUY Petri disho] 10 mL¥ Ho} ZHsIlon &
(Lightness, L), ZJA=(Redness, a), 2T (Yellowness, b) 7S 33]
HHE 2745lo] Fgho g STt Mg k(total color difference, 4
By s Azl A Alnet A2l T AR SIS ool A
tdote] ARESISITE Ly, a), b FEA A A AR Mol
Ly, &, b= FEA AP F AR Aolth

AE= (L, — L) + (a; — ay)* + (b, — b,)’

Brix
Brixe Al A A& 1 mLE F5lo] YT A|(Master Refrac-
tormeter, ATAGO Co. Ltd., Tokyo, Japan)E o]-&s}o] =45}t

pH

pH= Al FAE FE35] WHHAZI & 50 mL Conical Tube
(SPL Lifescience, Pocheon, Korea)ol| A|& 25 mLE Ho} pH
meter (Docu—pH meter, Sartorius, Gottingen, Germany)S ©]-85

of /J2ollA 39] viE SAsto] Bargto® Yehidt
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A Awl A FA 10 mLo] 55 90 mLE 7I8ko] 100
mLE 83t ThS Z53] WHHAIA 0.IN NaOH {HL A185
30] 9 wj7kA] AA5IYTE 0.IN NaOH 8H0] AHEKmL)

A% (% malic acid) =

0.0067 X 0.1 NaOH 28 % (m L) X NaOH 37}

e %100

SAEH
A

e Addde 33 dE SAselen, $AARE SPSS
Version 26.0 package program (SPSS Inc., Chicago, IL, USA)S ©]
&5t 7 34 =0 Wt EEHANE One Way ANOVAS
ol-gsto] BA513 0 Al 7He] 2] Duncan’s multiple range

testS O8OIAT. Fold2 p<0.05 FEANA ASIIA

AME

HI

i

=
FEA x2jet BEet x2(0] ME Afnp FAQ MF
S

i,

FEA Ato] lofA B A7) B A A|7te] miAdEe] AFE
of & Y PIAATE, A 5= Bkl AT BE- v
9] APEo) B2 = HA= AR A AthVera-Mer-
cado et al., 1996). FHA e} s} Ao W& S. cerevisiae
o] At BIF= Fig. 20 YRR S. cerevisiaes HETH Ak
HAFAE AR 2% 30T, 400 VO] 9O] Al7]ofA] 1082 A& A]
0.23 log, 40T, 50TOlA1= 0.28 log®} 0.34 log] ZAS Hrt.

o] 7|7} 371845 At 3t 3 S7loke AS wEdt
5 A} W] AJ7]7F 500 VY o 30T, 40T, 50TollA 22} 0.28
log, 0.31 log, 2.28 log H=9] At BIHE H oM, 600 VollAf=
0.30 log, 1.62 log, 3.95 log9] =& A4t 83+E Hott 5Ygt A
2] ZANA AR} TEFEALE 400 V, 30COA 0.072 @S At
a3E Yehflem 40T, 50TolAl= 0.16 log, 0.22 log2] A+t
IS HERIT Al SEAE 9| A77E S71dS At
e 3P S7ISIIKFig. 3). 2o Al7171 500 VU wf 30T, 40T,
50COlA ZH2} 0.10 log, 0.18 log, 1.21 log BEQ] Al AIE B
.o, 600 VA= 0.18 log, 0.37 log, 3.58 logQ] =2 Akt fi}
£ HQt ole ARk $7F Al nlE AFES Tt SR =
A AT} UX]SFHATH Vera-Mercado et al., 1996). Ohshima et al.
(1997)9M= BPEE AlEahe] IAE #2004 rigid gel 2=
Holgloy =7t ASSHAl EH AlaEuto] ofzF L3t liquid
crystalline 22 WSIA =11, A9} o]F32] FAZ} FastA
FThal SFIAT Ha (1999)9] oAM= 257t S7Fdrs =
O] Mlazut =5 9 ojgho] WA A dojuf -2ofA] A|xzate]
o7} FYRTAL HATsich webA ol Al7|9F A =7t
STEE S cerevisiaeQ] APEE0] nA]E FFo] w2 Aoz T

=

AR A ArFO| SN 2

S
glo] A719} APl eE gEjste] JHA AT S cerevisiae
O] At FOoRHE 9t AFE &k At DIE HHEE U
of H|WSHH Table 13} Zth AFREE 30CE 114stal 4o
AI71E 2elsto] FEA AH2sigliS wl 9] Al7)7F S7ietol o
A 8. cerevisiaeS JET At FAFAS] APELET} STFRE
< golgk =9Itk el A1717F 0 V, 400 V, 500 V, 600 VY
o] 0.00668 min', 0.02415 min', 0.002843 min ', 0.03082 min"’

er———y o
2 LE01 f g LE01 2 1E01
= = =
2 2 2 e
g 1E02 ¢ 2 LE® g 1E02
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Fig. 2. Inactivation of S. cerevisiae inoculated in cleared apple juice by high intense pulsed light at various voltage and temperature. l 400 V, @ 500

V, A 600 V; A: 30°C, B: 40°C, C: 50TC.
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Fig. 3. Inactivation of S. cerevisiae inoculated in cloudy apple juice by high intense pulsed light at various voltage and temperature. ll 400 V, @ 500

V, A 600 V; A: 30C, B: 40C, C: 50C.

Table 1. Inactivation rate constants and decimal reduction times of S.
cerevisiae by high intense pulsed light treatment at various voltage and
temperature

Inactivation rate Decimal reduction

Sample Voltage Tem;()%r)ature constants time§
(k& min™) (D, min)
30 0.00668 344.7
oV 40 0.01824 126.2
50 0.02649 86.9
30 0.02415 95.3
400 V 40 0.02888 79.7
Cleared 50 0.03562 64.6
apple
juice 30 0.02843 81.0
500 V 40 0.03065 75.1
50 0.22492 10.2
30 0.03082 74.7
600 V 40 0.17689 13.0
50 0.44935 5.12
30 0.00419 549.6
oV 40 0.00657 350.5
50 0.00860 267.7
30 0.00731 315.0
400 V 40 0.01569 146.7
Cloudy 50 0.01958 117.6
apple
juice 30 0.01104 208.6
500 vV 40 0.01889 121.9
50 0.14709 15.6
30 0.01927 119.5
600 V 40 0.03811 60.4
50 0.38145 6.03
320

F= BHlon, AY2rrt oSS AFEEE Fho] 76k
600 V, 50COfA] 0.03082 min'ofA] 0.44935 min'& FZ35| AP
He IE 5 A TS A Al EEFAE H9
AlZ17F 0 V, 400 V, 500 V, 600 VL m 0.00419 min", 0.00731

n”', 0.01104 min”, 0.01927 min™ Z+S HJom, A} Sek
A% Al FAZFALL nEIFAE 600 V, 50ToAE 0.01927
min"oA] 0.38145 min' 2 HLET} AALSTLEE APELE Zlo]
S7RE ZZ SRl 4 ASdth AT 204 mAAES] 90%
AFof Q35 AIZFS YEE DZFS HW S cerevisiaeS HE
o Al FAFAG B 600 VoA AYRE7t ST 747
min, 13.0 min, 5.12 minC.2 ZAsH= A 21T 4= Q1%loH,
ol 3| AR Axt 9] Al7|et AT 2ro TE JEE&9| 2
Ao 4] rPZko] 0.7899-0.99900]9 THdata not shown). Al SE}
FAE FAFAS} tRVIAR A2t ASEEE 1195
min, 60.4 min, 6.03 minC & 7143} 0 & 0.8379-0.99720]
At olF Bl Lo AI719F ATt FS5LTF S, cerevisiae

O AFEEET} S7RITE AZ BT ¢ o, Al ZAF
A7V Al SEREART 2 22 Ho] Al HAFATE A

001-/\004

#2of Al A g AU ol A= AlEY
Lo wh uv A2 Al n]E9] AFE] uAle o] HEAL
g FA °P°ﬂ AR EX AR7E UV A A] EAYsks 9
AR F e Al 932 A vBEY AFEe] 9% T
Zth= Qualls & Johnson (1983), Christensen & Linden (2003),
Koutchma et al. (2004)9] ZAx}e} Y25t E3k T Lo
U2 S cerevisineS AESE I HAFAQL SEFEA O ZFzZF
UVE A3t 23} 720 739 339 logd] At A¥E H3
oy 1.54 logo A4 AYE HhKaya &
Unluturk, 2016).

= 1
SEFAE
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Brix, pH, H&AME

2 Ao DI Heol rq% Ab} F40] B2 W3S
ol 7] 3 LHA ATE 5] & _2,_ A 2R 31T 3__4
A71sk i*EWP& efslo] 0~ 1083 A2 F29) Brix, pH,
A s ST Ak Table 2"’34 F¥LY. S cerevisiaes
A& AR 34 i«] gl YLt 9 XgA|7lo] Z71ek:

2 Y 13.66° Brix7}A] Z715le A3 HYon, pHE )
377717 Z715Rs S NS ol Q37| Faok At 5+
20 UV &2 A] °Brix®} pHo|l ¥3kS n|x|2] Q19O u(Tran &

Table 2. Changes of °Brix, pH, titratable acidity value of cleared apple juice
inoculated S. cerevisiae by high intense pulsed light treatment at 50°C

Voltage Treatr?:]?:)time *Brix oH T:z(t;:{le
0 13.50+0.00™° 351+0.01° 0.04+0.00"
2 1350+0.00 3.52+0.01°  0.04+0.00
4 13.50+0.00 3.54+0.01®  0.04+0.00
oY 6 13.50+0.00 3.52+0.02%°  0.04+0.00
8 13.50+0.00 3.54+0.01®*  0.04+0.00
10 13.50£0.00 3.55+0.01*  0.04%0.00
0 13.50+0.00° 3.67+0.03* 0.04+0.00"
2 13.50+0.00° 3.65+0.01°  0.04+0.00
4 13.50+0.00° 3.69+0.00°  0.04+0.00
400 V
6 13.50+0.00° 3.69+0.02°  0.04+0.00
8 13.53+0.05° 370+0.00°  0.04+0.00
10 13.56+0.05° 3.69+£0.01°  0.04+0.00
0 13.50+0.00% 3.58+0.07°  0.04+0.00°
2 13.50+0.00 3.64+0.01®  0.04+0.00°
500 v 4 13.50+0.00 3.64+0.01®  0.04+0.00°
6 13.53+0.05 3.64+0.02®  0.04+0.00°
8 13.53+0.05 3.64+0.01*  0.04+0.00°
10 13.56+0.05 3.67+0.03*  0.04+0.00°
0 13.50+£0.00° 3.69+0.02"  0.04+0.00"
2 1353+0.05" 367002  0.04+0.00
500 4 13.60+0.00* 3.69+0.03  0.04+0.00
6 13.60+0.00®  3.69+0.01 0.04+0.00
8 13.63+£0.05°  3.68+0.01 0.03+0.00
10 13.66+£0.05°  3.69+0.01 0.03+£0.00
"Mean+SD.

*“Superscriptive letters in a column indicate significance at ©X0.05 by Duncan's
multiple range test.
NSNot significant.
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Table 3. Changes of °Brix, pH, titratable acidity value of cloudy apple juice
inoculated S. cerevisiae by high intense pulsed light treatment at 50°C

Voltage Treatr(nr:irr]‘t) time *Brix oH Ti;:;?t?/le
0 12.40+0.00™ 3.74+0.01°  0.04+0.00%
2 12.40+0.00 3.72+0.01°  0.04+0.00
4 12.40+0.00 3.71+0.01°  0.04+0.00
oY 6 12.40£0.00 3.73+0.00"°  0.04%0.00
8 12.40+0.00 3.73+0.00®  0.04+0.00
10 12.40+0.00 3.72+0.01°  0.04+0.00
0 12.40+0.00 3.84+0.01*  0.04+0.00"
2 12.40+0.00 3.81+0.01°  0.04+0.00
4 12.40+0.00 3.81+0.01°  0.04+0.00
400 V
6 12.40£0.00 3.80+0.02°  0.04%0.00
8 12.40+0.00  3.79+0.00°  0.04+0.00
10 12.43£0.05 3.79+0.00°  0.04%0.00
0 12.40+0.00° 3.76+0.00 0.04+0.00"
2 12.40£0.00° 3.75+0.01  0.04%0.00
4 12.40+0.00° 3.75+0.00  0.04+0.00
0oy 6 12.40£0.00° 3.76£0.00  0.04%0.00
8 12.43+0.05® 3.75+0.01  0.04+0.00
10 12.46+0.05° 3.76+0.03  0.04%0.00
0 12.40+0.00° 3.68+0.01®  0.04+0.00"
2 12.43+0.05® 3.66+0.00°  0.04+0.00
4 12.43+0.05%° 3.67+0.02°  0.04+0.00
600 V
6 12.46+0.05® 370+0.01°  0.04+0.00
8 12.53+0.05° 3.70+0.01*  0.04+0.00
10 12.53+0.05° 3.69+0.01°  0.04%0.00
"Mean+SD.

#°Superscriptive letters in a column indicate significance at ©{0.05 by Duncan's
multiple range test.
NSNot significant.

Farid, 2004; Noci et al., 2008; Walking-Ribeiro et al., 2008) A}k,
B30l Tl 7t S71E A9 AR °Brixt 254 7t
SF9Ieh= Tbarz et al. (2005)2] A7-ATket AR|5IALt A Ao

3%, A2k 9 AARIo] S7FERS HE Alie 0045 F2
X*°1 Z}o|2 Ho|| Ygtont, 50T, 600 VoA 8~1087F 2]t

739 0.0302 7AsH= ARS Ve

Color

o] A7) 2 HAZRS gelsto] A} 40| W (Lightness,
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L), A (Redness, a), SAE(Yellowness, b), AXKColor differen-
ce, 4EYE =745t Ail= Table 4~52} 2T} S. cerevisiaeS 55t
N 38 9} S5 1 5 9] 419} HelAglo] o1

2 Lat b AR gt 27 A% Btk 53] %)
V7T ARSI 242 Ao] ofr-2 AS BT 4 )
k. ol xenon lanp} ALz Alo]e] A7} 7] Akt el Zst
= riboflavin®] xenon lampol|A] BHI5I= 733t Wlul Aol ojs) u}]
=0} bgle] Rolxl Aoz wtErhRivas et al., 2006). Liang et al.

Table 4. Changes of lightness, redness, yellowness and ZF of cleared apple
juice inoculated S. cerevisiae by high intense pulsed light treatment at 50°C

Treatment
Voltage time L a b 4E
(min)

0 24.11+024" -168+0.07" 5.31+0.06® -

24.43+0.28 -1.67+0.00 5.35+0.18"° 0.35+0.07°

24.08+0.04* -1.65+0.05 5.45+0.04° 0.27+0.08°
oV
24.10+0.17%° -1.68+0.02 5.22+0.17%® 0.13+0.11°

o o M 0N

23.66+0.23" -1.69+0.04 5.08+0.04™ 0.50+0.00%
10 23.36+£0.43° -1.68+0.04 4.85+0.21° 0.88+0.56°

0 22.97+0.61° -1.63+0.07° 4.95+0.29° -

2 21.99+0.47° -1.47+0.10° 4.95+0.12° 1.09+0.80"

4 21.85+0.52° -1.43+0.04° 4.93+0.13" 1.18+0.22
oy 6  2372+0.06° -1.38+0.03° 5.98+0.05° 1.33+058
8  22.86+021° -1.23+0.01° 5724023 1.04%0.13

10 2351£0.19%® -1.20+£0.07° 6.01+0.05° 1.40+0.40

0 23.97+0.13* -1.71+0.03" 5.15+0.25° -

2 22.39+0.40% -1.59+0.01° 5.16+0.04° 1.60+0.31°

4 2293+0.29% -1.42+0.01° 5.19+0.13° 1.09+0.18°
oY 6  2359+0.15%° -1.23+0.03° 6.07+0.05° 1.14+0.14°
8  22.25+0.38° -1.13+0.03° 6.06+0.18° 2.08+0.10°

10 23.28+0.37°° -0.99+0.04% 6.77+0.14° 1.95+0.29%

0  2332+027° -1.75+0.02" 4.91+0.12° -
2 21.64+0.34° -1.58+0.04° 4.75+0.05° 1.69+0.12®
4 2240+047° -1.31+0.04° 4.43+0.02° 1.19+0.36°
ooy 6  22.55+0.25° -1.19+0.01° 4.26+0.15° 1.49+0.13™
8  21.90+0.29" -1.04+0.03" 4.17+0.02° 2.03+0.13°

10 22.64+0.24° -0.98+0.01° 4.07+0.06° 2.06+0.25°

“Mean=+SD.

NSNot Significant.

*Superscriptive letters in a column indicate significance at »0.05 by Duncan's
multiple range test.
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(2006)9] Fo] OlolH Aldt TEF RAE S0CE 7St & 27
kV/emol|A] 58.7 ps 59t PEF A&Jst A} Al 3249] Ao] 33%L;
BABIE T HsgLow, AT} Ae|AZIo] ZoVEE A
A= G o Ichal i3t ARRe] AL 8. cerevisiaes FESH
At 24 7255 4 2 A ol S 1) i 240
Tolg Bglow], 40T, 009 A% A9 BE A2l T B
2 9le x%_:,_ o] MaS Hth AL} e F2A0] AL S cerevisiae
£ Yol AP} SRS A Aol MOV U 5 98
0] Aol WSS YT 2 itk

Table 5. Changes of lightness, redness, yellowness and ZF£ of cloudy apple
juice inoculated S. cerevisiae by high intense pulsed light treatment at 50°C

Treatment
Voltage time L a b 4E
(min)

0 45.30+0.17" -3.28+0.03 20.00+0.31® -

45.94+0.03° -3.04+0.02° 20.07+0.47° 0.69+0.15®

45.04+0.04° -3.43+0.017 19.31+0.16 0.77+0.26%®
oV
45.46+0.05° -3.24+0.01° 20.37+0.34° 0.66+0.26®

o o M 0N

45.05+0.04° -3.38+0.02° 19.50+0.18" 0.60+0.21°
10 45.70+0.04° -3.11+0.01° 20.92+0.08° 1.04+0.16°

0 45.71+0.08° -2.92+0.04° 20.02+0.21° -

2 4554+0.06° -2.87+0.03* 19.32+0.23" 0.73+0.00°

4 45.38+0.08° -2.84+0.03° 18.45+0.20° 1.61+0.40°
oy 6 45.34+0.16° -2.86+0.05* 18.36+0.20° 1.70%0.10°
8 45.28+0.04° -2.83+0.02° 18.38+0.13° 1.70+0.34°

10 46.10+£0.04* -2.83+0.02* 18.72+0.21° 1.36+0.04°

0  46.36+0.10° -3.67+0.04° 19.04+0.27° -
2 46.18+0.07° -3.57+0.04° 18.13+0.38" 0.93+0.12°
4 46.07+0.02* -3.55+0.02° 17.35+0.13° 1.72+0.40°
oY 6  46.07+0.04™ -353+0.01° 16.81+0.13% 2.25+0.41°
8  46.03+0.10° -3.52+0.04° 15.99+0.34° 3.07+0.15°

10 46.21+0.07° -3.42+0.03° 15.88+0.17° 3.17+0.11°

0  46.24+008 -3.76+0.01% 18.68+0.33° -

2 4595+0.04° -3.65+0.02° 17.40+0.36° 1.31+0.39°

4 46.08+0.03° -3.57+0.01° 17.32+0.14° 1.37+0.31°
ooy 6 46.16+0.07® -3.49+0.03° 16.78+0.14° 1.92+0.46>
8  46.11+0.04® -3.50+0.02° 16.13+0.09° 2.57+0.42%

10 46.156+0.11% -3.47+0.03% 15.42+0.23° 3.28+0.49°

"Mean=+SD.
#*Superscriptive letters in a column indicate significance at 0.05 by Duncan's
multiple range test.
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w41 A8 glonk Al 5 el o) ook

A 4 AR A S 5 e SARS EYsh] s Bk

A 7)EE 0|85 S, cerevisiaeQ] At
avfel £ Hojo]| tis] otHQIH:. S, cerevisiaer= L] Al719}
A7t 57l Wt AFEEo] S715KE A3k HaloH, 600
V, 50CoflA 102 A Al BAFAE 3.95 log, TEFAE 3.58 log
o 4 BIE HAIH:. BEA Ao ot Aleo] F4 g0
o] Hlo} A7), Ak, AFARHe] 57FE Brix, pHe W}
7} AU S7Fohs S Hlom A4 Al A9] wWsbr} giA
L ot Aashe B HAdth A o) A7, APk, A7
ARto] S7FEPE Lgk b3k TASHL agh 7ol A& 2
Ak At 2ot HPAYE olgkE A9 BEA Ve AT

28yt ohje} BEA0] AgolE EukAel Ao Bl
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