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Abstract

The objective of this study was to investigate the non-thermal sterilization effect of methods such as high hydrostatic
pressure (HHP) and UV-irradiation (specifically with regard to the storage stability and shelf-life of carrot juice. The microbial
counts of the non-sterilized product increased from 5.51 to 7.34 log CFU/mL up to the fifth day, and then decreased to
5.46 log CFU/mL at six days. UV-irradiation was increased from 2.37 to 4.92 log CFU/mL. HHP was maintained under
the 3 log CFU/mL. The pH of UV-irradiation and HHP was maintained withing the range of 6.29~6.30 and 6.20~6.22 during
storage. However, the pH arising from non-sterilization decreased from 6.31 to 4.49. The color of non-sterilization changed
significantly during storage, but UV-irradiation and HHP were similar during storage. The [3- carotene content of
non-sterilization was noted to have decreased from 269.45 to 65.19 ng/mL during storage. The UV- irradiation and HHP
decreased from 263.46 and 268.35~281.16 ug/mL to 243.42 and 244.09~269.29 pg/mL, respectively. In conclusion, these
findings suggest that HHP can be used for the pasteurization, or sterilization, of carrot juice and the optimal condition is

two minutes.
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o] B FoPark F 2002), Al+t 2
374o| a7dt. a2y A+t 34
A= F7I4Eold HEgY C F f&
sk, WA AHge AT ANES
MRS S ABo] B AL DA Hsjsol, Haol /EL
Fofo] A9l Ij2o) U e FASEA Dl
2 HA AEFS AT HAtHYun 5 1997). o]of w=t
%1319 (High Hydrostatic Pressure: HHP), 2} o]-& 7]|<&, 0|23}
ZAHiononizing radiation), 33 8 2 (high-intensive pulsed light),
TAYG HA A7) Hhigh voltage pulsed electric fields: PEF) %
o] v7tg A7l BwE Avh &ds] HET ot
(Rastogi 5 2007). 71 5 2MGAF 714S THAU ok
glo] 23}, 32} AehS whyjsto] Hlghuly 22 IR, ¥
7I4EEY 31 glo] mAES EZAEIAI7] HiZel, &
= AFo et v7tE A o= AREE AL fItk(Knorr D
1993; Hayashi R 1995). o]2|gt &35 wjZof 2T AF4HY
A= AFH Y AF BAE ST FHo= v7tEdd A
&9 S840l FZEHI ARt 23] Aol it
A= mEIRE Aot

weha] 2 AFolA s G2 A vAl= BlE
A A+t BIE AW ET] Y5ty 7|E0 G329 HE
A Ao ® AN E= UVATT 2ug4ds AAIst,
A ans vlwsty] §sf A7 wE dutMES F
AEA Y] H3E AvEith

1. 92FA MXE, &7 Y HE

2 Ao AR FEFLe 2R ASALY HAE
AZH UV AlES Aol ARgstslen, Az $4%
= 9EYa, B AR, &4, &5, ¥, o1, A4t £
SEAA, ALY, G2, o, AFH D P e
2 FEE UVAT-S UVAR7]E o]§3te 12} 230 W 10
ok 23} 320 W 8%k, 33} 320 W sEHo 2 ArH7] REEE =
1249} 22z 25 Hz9F 3%b+= 40 HzO| £ =2 At-S AAISHS
thBang 5 2016). ZTQHAFF-E 2 31 Q2| (WIP-L60-50-200,
IIshin autoclave Inc., Dagjeon, Korea)E ©]-235}] 600 MPao]|
A 2&, 52, 10837 AEste] ARSIt BE Alge 7|E
A& AF2ER 4TE FASIHeH, 2447 HA o2 F

627k NS Al Ao g3t

2. D= ZAt
3714 ERtAIFY] B 532 Cho & Kim(2010)9] W
Holl wet AlZ2dE 1 mLA Fsto] 9 mLe] B 0.85%

Au - e - ol - A

=4 EFIYEIA

saline §402 WA 843te] FF4 24 E AZLE A
(petri film aerobic count plates, 3M Co., St, Pail, MN, USA)9]|
AEsch AlRE HET viAE 37CollA 24A17F viFA|
71 & colony & =43} log CFUmMLZ F A3}t

s

3. pH ¥ ME =5

pHe} A== Shin 5(2007)¢] W& WF st S43H%
t}. pHe G252 20 mLE 50 mL test tubeo]] ¥ 31 pH meter
(Orion 4 star, Thermo Scientific, Berverly, MA, USA)& ©]-8-3}
o 24 39 dhEste Sk MEs FEFAE
petri dish(SPL, 35x10 mm)o] X|-& &, FH-L Ax}A(CR-300,
Minolta, Co., Tokyo, Japan)Z ©]-&3} Hunter value?l LI
%), sl E), b E)S 33 ¥HE Z75to] AEab gk
o] YAAE AEsHch

4. B-Carotene &2F 2

B-Carotene §HF-2 Ha 5(1999)2] HIH-E ¥ 3}o] 50 mL
9] test tubeo] FLFA 1 mL, &8N (hexane :
absolute alcohol : toluene = 10:7:6:7, v/v/v/v) 5 mL< Y1 18
2R 5 F Fo] £ v Gale] stk A5
He XI5 o] &ste] HEAIZ] $ 1 mLE methanol 2t
methylene chloride Z¢H290(55:50, v/v)o.2 AL3l5t T},
0.2 ym PTFE syringe filter(Whatman Inc., Clifton, NJ, USA)<]|
o3t & HPLC 248 A& 2 A8t HPCL(ACME
9000 system, Younglin, Anyang, Korea):= Wang 5(2010)] 1
HE HY st BA51E 2, Cl18 column(4.6x250 mm, 5 um,
YMC Co., Itd., Kyoto, Japen)2 ©]-83}o] A -£1fj(acetonitrile)
2} B £fj(ethyl acetate) S ©] 542 3}o] 1 mL/min®] <
62 7]1&7] &8 (gradient elution)Z EHFIch 7|&7] &
= ABE £7] 70:30(%, v/v)OlA 58] 60:40, 10E9]
50:50, 15:2of 25:75, 172°] 0:100, 27+&o] 70:30, 28+
70:30, 455-0]] 70:300.2 HAstgom, A7 FTL 20 L
o]t HE7|= UV 450 nmol| A HEsHE o, #2542
= [B-carotene-& Sigma-Aldrich(St. Louis, MO, USA)o|| A G4
she] AbgsHTh

acetone :

5 SHEM

SAEAL SPSS A = 13 (Statistical Package for the
Social Science, Ver. 12.0 SPSS Inc., Chicago, IL, USA)S ©]-&
sfol 2t 247 BRI} FEUNES A2, 297 2
o JUUAS BHSAT. FaRs AT FolAE
one-way ANOVA(analysis of variance) 2 &4t §, A&7+
P<0.059]| 4] Duncan’s multiple range testE AA| S} T}
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1. 7|4 OjMEs Hs)

A7)l WE A2, UVA R W 204A Y G252
9] 7|4 u]APEHSH= Table 13 2t} TX2] G229
%7] "|APESLE 5512008 log CFU/mMLY] QA gk, A&7 7ko]
27Vl whet AAF 5UR}Fe] 7.34+0.04 log CFU/ML7}A] 27}
st A& 6D R} = 5.46+0.03 log CFU/MLE 7HA3HS,
t}. o]&= Patterson $(2012)2] £ 2] G2529] 4°C AAH7]
7ol w2 u|gES7 27] 5.8 log CFUMLA A 4=} 7
log CFUmMLE Z7Fstich= Zdaket dX|kgict. UVA e 9
209 A7 gEFA9 27] F4= 2.37+0.04 log CFU/ mL
9 2.3440.04 log CFUmMLZ FX 8] 252 tjH| 3 log cycle
Haste] 7] n|E AFEATE UV 92 2319 A9
A Aol& UetA] gkttt skA|gh, A%7]7ko] 7t
gl wet UVA R J2F2E A% 6Yato] 4.9240.01 log
CFUmLZ F7Fgt ¥h, 2319 A 2] G232 A A7t
e} 28 X o)A 2.34+0.04~2.27+0.02 log CFU/ mL, 5
B A2 Lo AL 2.30+£0.10~2.34+0.02 log CFU/mL, 10& 2] 2]
To| A 2.3240.02~2.08+0.00 log CFUMLE 2E X g]7to]
A AF7|17ro] AVE 3 log CFUML ©]3+e {25ttt o]
3 A3k 5~35T, 300~600 MPa2] ¢rg o2 a3t A&
4 Hed 2 ASEFY 7 2-8.22 log cycle ¥HE £
A3}l st = Metrick 5(1989), Alpas 5+(2000), Cook DW
(2003), Kingsley 52007)9] d+Z et fARE F3ks Ue
WAtk E3 2a8ko] AEAEZE gsta, §4 asE
£33 A|71th= Simpson & Gilmour(1997)2] (9} 2119F
o] mAEA|Z F XS G E3THE Yuste 5(2001)
o] AFATZE w|Fo] & o, & AFolA 2adA ol wt
FEFLY uAESH HAo] S AL 2y A
£ 5% A=Y & AXMSEY 54 B4 o At
32 gk £3F 2309 28 AT A A&7 64}

Z A0 ZRA] 1115

uAEe]l HEFHAL, 52, 102 A Al A% 6dAt] 1|4y
=0 AEHA e, AT g njAEe] S
off Zfel7} ZA UehtA] ¢8t7] Wi, 219k A A=
9 AAel Aot 220] &2 A A2 detdr:

2. pH i3}

FH, VA @ 23948 F25ae] 471z o
£ pHe| ekt Fig. 13+ 2tk £X3 gakae 49, 27
631614 A7 27} o FHE pH7L Fask T, 487} o] %
FA3) Faste] A4 6ARolE 4498 UEhislh UVA
2 27] 630014 A4 6QR}E 6222, ZTPAE A
A7kl wet 27] 6.29~6.300 4 A% 6L x}ofl= 6.20~6.22
2 P2 gz v 2 wsbh thehtx gigtek Shin
IS FEEA AR F Bt AR 5O 4§
o W2 §714ke) Ao FA0) WekE 27 ¥ 4 dlrkw
H 531, Aymerich 5(2008)-2 Z119}o] o3l a4 ulAY
29 BYATt Dojdtha Bustdty, ¥ AT)N &
o 23AE W UVA] B vy 28 3t
pH] W8k Hzoh & 4 GIgich Eak 2WY A7 FIF
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Fig. 1. Changes in pH of carrot juices with UV and HHP
sterilization during storage periods. Values are mean+S.D.
of 3 replicates.

Table 1. Changes in total aerobic bacteria (log CFU/mL) of carrot juices with UV-irradiation and high hydrostatic pressure

(HHP) sterilization during storage periods at 4C

Days Non-sterilization UV-sterilization HHP (2 min) HHP (5 min) HHP (10 min)

0 5.5140.08° 2.37+0.04¢ 2.34+0.04% 2.300.10° 2.3240.02°
1 6.11+0.01¢ 2.53+0.01° 2.25+0.02 2.32+0.02° 2.36+0.02°
2 6.8120.08° 3.00+0.04° 2.33+0.10% 2.3120.05° 2.35+0.03°
3 7.10£0.03° 3.39+0.06° 2.16+0.06° 2.27+0.04° 2.300.04°
4 7.1740.03° 4.1040.14° 2.2040.03¢ 2.23+0.11° 2.20+0.12°
5 7.34+0.04° 4.32+0.03° 2.38+0.06" 2.34+0.02° 2.08+0.00°
6 5.46+0.03° 4.92+0.01° 2.27+0.04% nd nd

Values are meantS.D. of 3 replicates. Different small letters in the same items indicate a significant difference (p<0.05) among days.
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2 23g], UvAE 9 2ugtA e gaEa
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L, 443} o] % 13.659014] 6YA o= 14352 foH oz F
7¥st it 3L, AEabO -, AA7|Tte] Agol wet S

3= A3S HFE=H|, o]+ Hsich & Ko(2008)2] 1~4C o) A]
A&t FEFA9 AEabgto] F7HvhE Balel YX|sh=
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4. B-Carotene &2}

T8, UVAE] 9 23948 G529 #4770 B-
carotene THF-L Fig. 33} Zth BA 7 G349 AL AF-
%27] 269.45 ug/mLof| A 44 x}o]] 228.84 ng/mLZ Zh4 o}E}7]-
o|% FA3| st 6YAto= 65.19 ng/mL9| S e
Witk Kim 5(2010)9] A7 544 T4 229 B—carotene s
oo 40% Zh23ka, 11 o] Fol FASH Hashdnts B
o vt 23S UiERRIch. M, UvAel SRR 2
7] 263.46 ng/mLoA AR 6zt 24342 pg/mLE, 21
e GazAl A mebk 2RoHE 278,60~
231.115 pg/mL, 5RO AL 297.02~267.54 pg/mL, 105 A=
268.35-258.80 ng/ml. H 2 AG7|7ko] W GejHel Aol
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Fig. 2. Changes in L, a, b value and A Eab of carrot juices with UV and HHP sterilization during storage periods. Values

are meantS.D. of 3 replicates.
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Fig 3. Changes in [-carotene contents of carrot juices
with UV and HHP sterilization during storage periods.
Values are mean+S.D. of 3 replicates.
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I e 239 AN 7t w4 vebd=Tl, 2 Akl
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g olo= 2UYA 7}t HE 7HeT AR dEHY, =
9 HYAIZE 28, 5E, 108 2 FEF2ae] F4of &
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