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Abstract

Thermal treatment and freezing are known for preventing loss of food quality during storage. This study was carried
out to optimize the conditions of thermal treatment and freezing storage. Carrots were treated by hot water or super-
heated steam, and then frozen by individual quick freezing (IQF) method. After that, the samples were stored at -12,
-18, -24°C for 6 mon and the physicochemical and nutritional properties of carrots were evaluated. As a result, the
total color difference of carrots treated by hot water was higher than that treated by superheated steam. Storage
duration did not affect the pH of carrots. Total aerobic bacteria decreased compared to control presumably upon
applying thermal treatment and freezing. Ascorbic acid contents in thermal treated and frozen carrots sharply
decreased compared to control; particularly, they were not detected in carrots stored at -12°C. When hot water-
treated carrots were frozen, the free sugar and organic acid contents decreased; however, those of superheated steam-

treated carrots increased except fumaric acid.
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HMR (home meal replacement)] H]Zo] 7|
A= FAo]thLee et al, 2005). L&}
Hotat Holdg 79t FAlol 7= =1
Fe Holil flom sk 2ApiE S Hlojut
, & M2 L 2JAF U-8-F(new meal solution)S
21 tH(Jang, 2009).
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a3} slAAM E4E EEAAS AA AFe WA WA
< WA8k= Zo|tH(Choi et al, 2002). I & FFFAA
2 Aol = Je weF ¢ sE R Fe] o
¢lo] H= #FolE AAMNF= TRV UtKKim et al,
2014). T3t J/}%iﬂm@uperheated steam)> E3} 2= o]
H F7E 2F0l 7Hg Ao Hojd & A

ek 7HE WAl 2 S5 WA Qo o]=

T EAHE HAstela RS Aol A Bt 3
Hoj gk FAAIH, 229 4 HYER v E Adadt
7F g 2 Aoz 4 tk(Cheigh et al., 2011; Kim
et al., 2012). AT gx]8] 71&A] vElR F71d 5
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o] 4o gggFS WA HrHKim, 2003; Jung et al.,
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12°C, -18°C, -24°CollA] 245 &< A4S & 2, 4, 12, 24
F A0 =2 3§55l g pH, M=, deE e o]s)
st4 54 vitamin C, fElT, fr71ttah 22 FdFHH
54 2 e WetE Bt A 34 A4S &
Holaat shsict.

& EAF t1E -5 HHE(Seoul,
Korea)oll A +9)8te] ARE-sEATE @G & Aol AHE
F ascorbic acid, fructose, glucose, sucrose, oxalic acid,
Sigma-Aldrich Co.
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Chemicals (St. Louis, MO, USA)9A FYstA L 2 £
AlFe analytical 2 HPLC 552 A8t 44 =
A& #gk wlx]= Difco Laboratories (Detroit, MI, USA)
oA sk

AZ2| Xe|
TYT T2 AEES AAsIL 52 =0 AHEA
Az22 2715 A v 7HE 5.0mm, A2 5.0mm, E
©] 50.0 mmZ A% 3}04 FReth @FIARNOR Be
ol Al S 14 BEE ¥ 1| ¢ A o
AL, (FF)ekEedA & Oad%ﬂm o7 9 FF7] EE o

|3at] 2 ¢ SAEE AT A7 & 3 2o
A WA v ©<=7](Hanil, Wonju, Korea)S ©]-&3}
of ©@45taL, A2 F(Incheon, Korea)ollA -30°CE 10
F<9F N F4 WS(IQF, individual quick freezing)dl$ith.
WE 2SS F2S 250 g¥ o] E =2 (PP) &4
b5 £7](7}i 15x A2 10x 2] 5em)& 37 7 3154
om, ¥ F 12, -18, 24°CNN 245 B9 B4 A%dl
Atk ]5}’54'75 54 B4E 9% sl AR AA(KR-
S340TC, Daewoo, Seoul, Korea)E ©]-&3l] Alge] &
A Ko F Al A (Fiber Optic Temperature Sensor, FISO
Technologies Inc., Quebec, QC, Canada)E 231512 o)
T AT =7 4C7F 2 w7k e on, o
o A=}F FRIA ] EHA 7= 400 Wo Tt G i &
Mg gt AEE T4 Ax & Fste] -18°CollA B
A FGF A A8 AEE ARSI

ME =X
=L 5o
A% = Chroma meter (CR-400, Konica Minolta, Inc.,

Tokyo, Japan)= o]ﬁs}oa EE WA TH(L'=94.40, a'=-0.66,
b=332)C.2 BAHI & 9ﬂ HHE =4 3lo] W (CIE L,
lightness), 2 %(CIE a’, redness)e} %‘fﬁ*‘ Z(CIE b,
yellowness)Zt 2.2 YERRSITE 2] 7+e] Al W3} H)
WE 93l S-S AE g obef o] Il tidste] b

OB 23N
Total color difference (AE)

=j(L1 —L,) +(a,—a,) + (b~ b))’

a=8Ae & I ANE, o= 3T F T2 HA
b=gA g & Fo| FAE, b=y 3lF § T2 &)
pH =8

pHE T 2¢g3 SHF 18mLS &3 & #27]

(SMT pHO91, SMT, Tokyo, Japan)& ©]-&3}4 12,000 rpm
o2 287 AIEE "RId & pH meter (Orion 3-STAR,
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Thermo Scientific, Waltham, USA)E ©] 83} 33 dH&
=43t}

e (shear force)> 2]F2 FHE HIPA7|=d T o
3 glog AAEE FZ(UIE 5.0xAZE 50 x =] 50.0
mm)9] ATHS texture analyzer (CT3-1000, Brookfield
Engineering Laboratories, Inc., Midddleboro, MA, USA)&
o]-g3ate] 53] o wHE Z743F3Ath. Compression typel
Z target value= 5.0mm®] 2™, trigger load= 70 g,
test speed= 2.5 mm/s2] 22 HTEEP L] plain vee probe
¢} TA-SBA fixtureE AH&-3te] S 311t

Xeled =X
— 1 1o

<t 25 goll Het A HF 225 mLE 7Het
o] A5 27| (WS-400, Shanghai Zhisun Equipment Co.,
Shanghai, China)E ©]&3led 1&7F 42 & o3
ImLE FHate] Ev -2 @A 4630 7 55
W Algel 0.1 mL< plate count agar (Difco)ol] =3t &
37°CONA 2417F v Fete] sk HEt 5 ATt log
CFU/go = YER ATt

HIEIZI C &k

HEY Co] gk 52 Az AlF 0.50+0.05 g°l 5%
metaphosphoric acid-& <9 50 mL2 7}3F3 homogenizer
(Polytron RT2500E, Kinematica AG, Luzern, Switzerland)
£ ol&sto] 287 #23kek § Whatman No. 2 74|
(Whatman International Ltd., Maiidstone, Kent, UK)Z %+
& AAFste] 50 mLE HESATh FE=2 020 pm o3
Z](Millipore Corporation, Billerica, MA, USA)Z o 3}3}¢]
Agilent Technologies 1200 series HPLC system (Palo Alto,
CA, USA)C. 2 H24135}3] T} Mightysil RP-18 GP column
(4.6x250 mm, 5 pm, Kanto Chemical, Tokyo, Japan)2 A}
|39 3L, o542 0.1% trifluoroacetic acidE A}&-3}¢]
0.6 mL/min £52 ZHFAIL AE 20 s FY3HA
UV detectorS AM&-3te] 33 % 254 nmellA H]glY C&
A8k
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el o T4 Azx" AlE 1.00£0.05 gl 57
50 mL< 7Fte] 200 rpmell Al 3A1ZF S HE FE3
Whatman No. 2 QA2 7+ ofate] 50 mLE H &
At FEEL 020 um A (Millipore Corporation) =
o 735l Agilent Technologies 1200 series HPLC system
(Palo Alto)Z ¥2J3}9It}. Shodex Asahipak NH2P-5-4E
(5 um, 4.6x250 mm, Tokyo, Japan)= column®. 2 A}-8-3}
N3AL, FAZE71+= ELSD, ©]87 70% acetonitrileS AH&-5}
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o 12mL/min £E2 FHFUL, A1E 10puLs T3t
EA3159 T T EE-S fructose, glucose 2 sucrose (Sigma-
Aldrich Co. Chemicals)& AH8-3F3At.

S0 Bt

G713 Be 54 AzE AR 100005 0] =7
50 mLg 7F3te] 200 rppmollA] 3A17F &<t JE F=3
Whatman No. 2 A2 o3t 50 mLE 483ttt
FEEL 020 um oA Millipore Corporation)Z. & 33}
o] Agilent Technologies 1200 series HPLC system (Palo
Alto)Z 439, Aminex HPX-87H ion exclusion
column (7.8x300 mm; Bio-Rad, Hercules, CA, USA)S A}
43ko] o] F A2 0.008 N sulfuric acid &S AF&3}o]
0.6 mL/min $=2 ZHFUI, A8 20 e FYste] &
A3ATt UV detectorg AFHE-3l] E-3% 215 nmollA] &
A3H A, TFEZ LS oxalic acid, malic acid 2 fumaric
acidg AH&-3FSith.
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EAEALS SPSS A ZZ I (Ver. 120 SPSS Inc.,
Chicago, IL, USA)& &38te] 7z #2|79] Fas} w2
A5 2SI oM, ANOVA #4918 o] 8314 p<0.05 %
o 4] Duncan’s multiple range testS 2 A|sle] Z} #]2]7ke]
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=}

EEN g kS,

Moz gh 3 53 A B FEAA AFY A
FA4o] JEgFS vXE QS Z Table 1, 20 Iz
— A 222 WE(CIE L), AN (CIE
a), 3 Z(CIE b) ¥ total color difference (AE)S UE}
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Table 1. CIE color of carrots depending on treatments
Treatment L a b’ Total color difference (AE)
Raw 59.49+1.81° 22.83+0.92° 43.64+2.24° -
Hot water immersion 48.23%1.50° 23.69+1.82° 39.45+3.04" -
Superheated steam 49.73%1.10° 26.76:0.96" 40.760.36™ -
Freezing after hot water immersion 48.84+1.45 20.40+0.70° 37.15+1.01° 4.31+0.70
Freezing after superheated steam 49.39+1.78" 28.11+0.81° 41.78+0.87" 2.36+0.82
*“Means with different superscripts within the same column are significantly different (p<0.05).
The values were represented as the mean values (n>9).
The total color difference is calculated compare to thermal treated carrots.
Table 2. Change in color of carrots with various storage temperatures
Thermal Storage Storage duration (wk)
Color 0
treatment temperatures ("C) 2 4 12 24
-12 51.72+0.92" 50.08 + 0.09" 50.59 + 1.06" 53.10+ 1.12°
L -18 51.37+0.27° 50.96 + 1.66" 51.43 +0.96" 51.90+0.21°
-24 51.00 +1.20° 51.62+1.01° 53.30 + 0.64" 53.47+1.35°
-12 23.58 £0.45" 23.78 £ 1.36" 23.88 +1.50" 23.45+1.57°
a -18 24.90 + 1.68" 24.72 +£0.55° 25.41+0.72° 26.46 £ 1.34°
Hot water -24 24.50+2.01° 24.77+2.12° 25.23 £0.60" 26.08 £ 1.86"
immersion 12 4138+ 048" 40.08 +0.92" 41.30+4.50" 43.66+3.33"
b’ -18 40.51+2.89° 42.37+1.53° 41.85+1.53° 4420+ 1.07°
-24 40.50 £ 1.39° 4093 +1.11° 40.64 +1.38" 42.80+1.33°
Total col -12 4.07 £0.62" 2.36+0.34° 4.56+2.43" 6.86+2.57"
ot CoTor -18 434+124° 452+0.50° 4.60%0.66" 6.730.69"
difference (AE) b b " .
-24 3.73+0.85 4.38+0.37 5.56 £ 0.65 6.83+1.93
-12 51.49+1.42° 49.95+1.09"™ 49.20 £ 0.84° 50.06 + 0.77"
L -18 50.40 + 1.26" 50.71 £ 1.01° 51.96 +0.91° 51.45+0.57°
-24 51.84+0.41° 53.50 +£2.36" 53.80 +0.85" 53.31+1.14°
-12 25.57 % 1.79° 23.85+2.11% 22.00 £ 1.87° 21.23+126°
a -18 26.40 +£1.32° 26.02 +0.36" 26.07 +0.44" 26.03 £ 0.60°
Superheated -24 26.48 +£0.20" 26.83 +£2.13" 25.49+0.75° 2575+ 147
steam -12 41.63 £2.56" 39.48 + 0.83" 39.12+0.39° 40.91+1.31°
b -18 39.28 £0.28° 42.72 £ 0.99° 40.06 = 0.85" 40.23+0.72°
-24 41.31+0.68" 42.44 +£0.76" 41.68+0.91° 4276 £1.19°
Total col -12 3.53+0.95" 3.28+£2.33° 5.13+1.81° 5.69+1.20°
o 008 -18 2.15+0.77" 2.45+1.05° 248+ 1.19° 2.03 = 0.80°
difference (AE) a a a a
-24 2.27+0.46 4.54+2.32 4.47+0.85 4.58 £0.44

“*Means with different superscripts within the same row are significantly different (p<0.05).
The values were represented as the mean values (n>9).
The total color difference is calculated compare to thermal treated carrots.

24°CAM AR o] BEe ke A B ZlolE AL sisied, ols & AellM el & d2e]
3, HEF7] A F -12°CellM B B2 AEe 5 AAETF AAF R SR A fAbeln B A=
Zhetith. A 2ol #ARe] Ald e AdF7] A AEZE AR AE Yo 37)E AATeEA S

Al v=s @371 AchLee, 1995; Lee et al., 2012).

23 Gt dFHA A I Aol & e
S Lee et al. (2013)8] 9= FUEH ofsn} oS -20°C

Hhho] @27 Aela gasl wael o go) doin

2 oujgit,

I 1718 59 AZELE A, A% W3] A1) g

Lee (009)9] Ao mEW Aut Z7] Aeldt 92 % APHS vehhA gom o= JE A5 44 =k
9P Tzl M) Asa AWE AL e ot ¥ I 1A S ok WE A% 717kl et Fae] 4
2o) Ga7t BEAE o] AF Ao) THAY 9P F % WEIL AW X APsh A UERidth,
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pH‘:* /kgu]—:L ] ]{SH Z715
EHX—”XJ oz O:l;q‘:q
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o] 5.86-6.42 FF0|A L, 6.04-6.83 FF2] pHE UER &=

AR Mg GET 3 % e YepiSth 2
o2 o8 7] WHe= %‘%a] 3k Kim et al. (2014)9]
AolA F71 MEs &
LH E]'_L. .‘_?_]_.J_-O]'o% *E‘ \_
72| pH WHskeE 71 9 A% 7)1k F 2
W2 1gh f7]4ke] W3l
2t § pH7E S7H A2 f71ake] ZAaR s wAS
Ao Z Helth(Park et al., 1993; Jeong et al., 2000).
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Fig. 1. The pH changes of carrots depending on storage
duration and temperature. A: hot water immersion treated
carrots, B: superheated steam treated carrots. The pH of raw
carrots: 6.28, hot water immersion treated carrots: 6.47, superheated
steam treated carrots: 6.43.
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Lee et al. (2001)¢] AAellx EA2] a4A] e W¥F X%
S 2EEE YE AL -5°Ce -10°Cel] At A
Ay Wb A -20°C AL BE- AR 717ko)
7Fgell wet Aol adte A Btk Bt
2 Aot AmE A4S vebd WA, Lee et al.
2013)¢] AFelM = FAUE, ofzut 3 tiuts 2 Aol
A 2oz I A3 Y A ddHo] §4
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Shear force (kgy)
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Shear force (kgy)

0.5

0 4 8 12 16 20 24
Storage duration (wk)

Fig. 2. The shear force of carrots depending on storage
duration and temperature. A: hot water immersion treated
carrots, B: superheated steam treated carrots. The shear force of
raw carrots: 3.15 kg;, hot water immersion treated carrots: 2.60 kg,
superheated steam treated carrots: 2.58 kg;.
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3.19, 325 log CFU/g 302 ZHZH o] oF 30%7}F 24
Hom F4 W F 243,230 log CFU/g 522 7+
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g g2 %&?—t— A%; 717k wE wslzb e gt
H, -12°C
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oA AGe BEe] FHTre 4T o]% W3}r}
NARO T 24°Col| A 1%}1’ T2 FHTE 12F o]% 7
23tk #FLF7] A 2o &*L A% exel
FAIgle] oF 2 log CFU/g 522 ZA3IAIL 45 o]F
H3s7F $AA T

Sun et al. (2011)¢] AFAAME TS 10¥ &<
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foloe Zlaes naale, gas 94 @
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Storage duration (wk)
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Fig. 3. The total aerobic bacteria of carrots depending on
storage duration and temperature. A: hot water immersion
treated carrots, B: superheated steam treated carrots. The total
aerobic bacteria of raw carrots: 4.58 log CFU/g, hot water
immersion treated carrots: 3.19 log CFU/g, superheated steam
treated carrots: 3.25 log CFU/g.

F s AR B Apoe 57 gAY dF e
AL Kol v A= <ls) nAEL] Wlo] FAH A
o2 FHotHE o]} v AR Lee et al. (2012)2 3
UES 452 447 38 9 F2F57 A AE 10°
CFU/golA 10°-10° CFU/g 502 74313 o5 52
A A o2 Zhadte A4S Uehidded, ole
AES UST u Y ES AR F4% 2% ¥R
el Alzd g2 =o] WA Eo] ZhaE Zol2t Hirskitt.
21FFAe) o5t Mt 4 38 7IEA7F 7HEEA &

= W% AFY B9 10° CFUg, 7HEstel 413
FAEY 49 10° CFUge = A=) glonz

he
2 ATl g2 9 F WF Agshe B9 g
4 Qo] gl Ao BekeEn

—-.12TC —©—-18C

-@---24T
20

Storage duration (wk)

25

- -.12TC —6—.18C -@--24C

Asocrbic acid contents (ug/g) =

Storage duration (wk)

Fig. 4. The ascorbic acid contents of carrots depending on
storage duration and temperature. A: hot water immersion
treated carrots, B: superheated steam treated carrots. The ascorbic
acid contents of raw carrots: 29.4 pg/g, hot water immersion treated
carrots: 20.0 pg/g, superheated steam treated carrots: 23.1 pg/g.
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