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Microbial Safety and Quality of Fresh Carrot Juice Prepared with
Different Environmentally-Friendly Washing Methods

Sang-Wook Lirnl, Da-Jeong Choel, Min-Jung Kangl, Jong-Hyun Kiml,
Myo-Jeong Kim? and Min-Ju Kim'
'Bio-Food Research Center, Hurom Co., Ltd.
“Department of Food and Life Science, Inje University

ABSTRACT The aim of this study was to evaluate the microbial inhibitory activity and physicochemical quality
of fresh carrot juice prepared with different environmentally-friendly washing methods during low temperature storage.
Individual and combined treatments with sodium bicarbonate (baking soda, NaHCO;) and citric acid were applied
to carrots for 10 min. Tap water and 50 ppm of sodium hypochlorite (NaOCI) were used as the control. Combined
treatment of 1% NaHCO; and 1% citric acid significantly reduced total aerobic counts and coliforms. In addition,
combined treatment of 1% NaHCO; and 1% citric acid inhibited microbial growth for 7 days at 4°C and 10°C in
a shelf-life study. There were no significant differences among the sanitizers in terms of °Brix, acidity, pH, and color.
Changes in physicochemical quality were not significantly different by sanitizer but were affected by storage temperature.
These results indicate that washing with combined treatment of 1% NaHCO; and 1% citric acid is an effective method
to inhibit the microbial population and maintain physicochemical quality. Therefore, combined treatment of 1% NaHCO;
and 1% citric acid can be effectively used to sanitize and prepare carrot juice without affecting other properties.
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A, HLS A L 7 3G 5 (A Aol o91E
T U= 8ol w1 AH, dd (A F AEY 3F S57}
welz] Ao o] AbshA AWy ndE Qo] dojd
AE TAEE 7L JATH3). kA 7HEEH T e
2 A (critical control point)?l A& T4 =1S Fyst
o] 7] A& Aot A2 nAESHQ A8 8 AE
AA s vl Qo] wlg- FosrH4). A, FLe] AlA A
T At AEAR 7P wol o] §H AL gl AL Aol At
L} E H(sodium hypochlorite, NaOCl) gMNo 2 w|AE A
of 37F §-FskaL vl go] Agate] A AAA R T
g AREE L Qi) SHAIRE AA] Am e AS5A Q1 WAY

2l
(trihalomethane, THM)Z} S223&S FA 3 4 9lo],
ojol tigk tiete® & A LEAl g =7}
EolA 3L Irh(5,6).
Tl A Ak, Bdol| AgehE XA A AsHo=
T TAA TY /1A o 8(T), A FEAVE F(sodium bi-
carbonate, NaHCO3)(8), 52 Exg] & 2474 £9(9)
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sol vk shAIRE o] # gk W& A F LS A7 AA 10°Cell AstiA M= = 8 54 54 Weks 543
EAsE HAES Adlske d @7 o] 9 Al F E At
B AH Al g o R nds AloE

H ¥ AeH10). XIOIHAALLIES, EIAMSALIES 2 AHA CHE X2
B Ao A AE-H gAY E H(sodium bicarbonate, 2o} A A= 50 ppme] FEE 3% & AFALS
NaHCO3)2 A} Ao 43} B2 ZA] I ‘Ho|H Aty A 7](Ultrapen PT4, Myron L Company, Carlsbad, CA,

2 EEH, 2F FofollA thdsiAl &85 9itt Harris USAE 94 52 BHAst ALgstodtt AU ER
(1)L EnfE ERIFAUERS AEs 27 EvlE =1, 2, 5%(w/v)e EE Az A= 0.2,
o) AA 299 Salmonella #& 2~4 log CFU/g 7HAA Z 0.5, 1%(w/v)8] 52 &3] & A&t 55, 50

g Baskith gAY EFES B gA Sellsa o ppm?] i}o}?éi’:l’\, 1, 2, 5%°] AV EFESTS 0.2,
LS H 2 AAES 7R Ao dEA HE 0.5, 1%(w/v) T4 2 Lol Zb2F 108 5ot * A A7
TP M= A8 AHAZ 2 AREE AL IEH10). 200 g9 G8 FEER 3023 AAHT F B7E AA

Fr714he Qg A Bl SElE EA1e] FEHE MRS = St AEAFIN R F2E e AR ALESIATH
AN A A= 237 Holvh A7 27 nAE
A AZ o] &HTH12). 53] T4k citric acid) 714 EIMEALIEZD THA HEE X 2|
=z 48 A8 Als ¥ pHE W5o] Escherichia BRAFEAUEF 129 At 195 A2 T2 A6
coli 0157:H7%} S. Typhimurium®] Aojo] 43 Ao o ¥l 7FA] o ® A adthFig. . AT 12 <
dH A o, ascorbic acide} A ATl A "I 200 g& 1% SAFAUYEFY 1% TAE E3 e Al- 4
% 7]% 34(13,14). Lee(15)E acetic acid®} citric acid 2 Lo 10—‘?— Bt AA T FEE 3027 AMHTI B
£ A o] gl HA Aeldt A3 Pseudomonas AA F AEAEF7 2 F25 “J%‘H A E 2 ARSI
fluorescens, E. coli 9 H-9+3} E coli O157:H7, S. AT 25 B 200 g2 1% AU EFET 1% 794k
Typhimurium, Staphylococcus aureus, Listeria mono- S &3k Al 2 Lol 5 %OL A & FxREl 3023t
cytogenes & 4&° WA TANA 1~2 log CFU/g®] A+t AF g o Al £F AlF g 58 FA], FERE 303 A
FE AT Basglt AHzst] E7] AIA § F2F vbEo] AMESIIT AT

SHARE ol A= B EAUGERS] AF Ul o5 Al 32 9 200 g 1% FAAOl 5 St A F FxRE
1 ALY EFY f-7]14ke] BHE Al F e tgk Aot o} o] 30%7F MA3 tha YAl 1% B AUEFST 537
2] mjulgk Axgolnt weka & Ao E 2AE T2 & AT a2 3027 AMAS A E7] AA & F2
A= 7V Wol AREH AR ZHA| v E F7F ol v7tE & o] ARE ARSIt ﬂ‘j/] 45 =AE vt
A E 3 o SRl Qb A o] R EY] of 1% B2 HESES 57 5 A & & 303t
B 2ol 7AA B AVERS W AlY 21s Mg g 1% F-A3 5 5 IXA 7] A A 2 3
AR F o] e whgt MFHst . #EFe Gt T o o R AFH & F2E WEAT. AU EFT
W u s oA g3 4 £ WsE S48 AT TAzke] W Aol e nAE A aHE A8

el FAg T FrEE AF S x+, 50 ppm 2ot
M= L g Ak AYFE v 2438

M2 H Mz ERAeALIEED AL HE X2 T HEAH

2 gl ALg" g2 20161 99 A&l ¥ vlEel A 1% ST A2UEFTS} 1% TR G Wit A
A3t A717F A3 Ae Akl AREST AF B 23 F25 dyd ZZ249 FH(Corning, Acton,
o2 52 Bl 1A} AlHste] H3b AAE AlA sk = MA, USA)° 95%7} = =5 Hol A Iz /Nl Egs}
HAgx 22 AHHE 3 cm, 4ol 3 cmdt & 55 Atk FH G A== 4°CeF 10°Cell AZstHA A% 0, 1,
ZFold 222 E 5 (NaOCl, Yuhan—-Clorox, Seoul, Korea), 2, 3,5, 74 2ol A=, Mx, J%, pH, A=E F433
ehabk4= 2 EF(NaHCOs, Cheongsan Chemical Co., Ltd.,
Okcheon, Korea), 7-%4Hcitric acid, Duksan Pure Chem- gt Mg+ 3
icals Co., Ltd., Ansan, Korea)2. 2 o= H+= W3 A8 & o 2 gt Hys Fs #AEsle] e 229 dut
skttt F Aol ARgE M8 H-2 AR g oF 1089 & A 242 AEFH016)Y HHel wet 30% 53t vor-
S AREsIglom A Ak 10802 Ao os 9 tex® Ege F F2 1 mLE Fdto] BvH PEF 9mL
B3 A e A%HE7)(HH-SBF11, Hurom Co., ol #53ke] 107 "ol 1079744 @A 84 sich. 7 A=

Ltd., Gimhae, Korea)®2 F22& #A|%3}o] 79 ot 4°Ce} = 733 flo] &AH petrifilm aerobic count plates
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Carrots

Washing in running water and
cut into 3 X3 cm squares

l l

l |

Treatment 1 ‘ ’ Treatment 2 ‘

Treatment 3 ‘ ’ Treatment 4

1% NaHCO;+1% citric
acid for 5 min

1% citric acid for 5 min 1% NaHCO; for 5 min

[

l l

1% NaHCOs+1%

citric acid for 10 min" Washing for 30 sec ‘

|

Washing for 30 sec ‘ ’ Washing for 30 sec

[

l l

1% NaHCOs3+1% citric
acid for 5 min

1% NaHCOs; for 5 min 1% citric acid for 5 min

l l

l l

’ Washing for 30 sec” ‘ ’ Washing for 30 sec ‘

|

Washing for 30 sec ‘ ’ Washing for 30 sec ‘

l l

l l

’ Making juice ‘ ’ Making juice ‘

|

Making juice ‘ ’ Making juice ‘

l l

l l

’ Storing at 4 and 10°C ‘ ’ Storing at 4 and 10°C ‘

|

Storing at 4 and 10°C ‘ ’ Storing at 4 and 10°C ‘

Flg 1. Flow diagram of various treatments using 1% sodium bicarbonate (NaHCO3) and 1% citric acid for non-heat carrot juice.

Immersmg the carrot cubes for indicated time.
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SPSS & A & 713 (Statistical Package for
the Social Science, Ver. 24.0, SPSS Inc., Chicago, IL,
USA)E o]&3te] 2t Helite] H3 xFdAE AEe3l
3, A2l 2re] zboli= one-way ANOVA(analysis of
variation) 2 #4]% ¥ Duncan’s multiple range test&
o] &3t K0.05 FEolA Fo4dES ASsTh
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Mt g %ﬁ}e Tabl Oﬂ ‘/}E]r‘ii‘:}. e F
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Table 1. Change in the populations of total aerobic bacteria and coliforms following treatments with tap water, sodium hypochlorite

(NaOCl), sodium bicarbonate (NaHCOs) and citric acid

Treatment H Total aerobic bacteria Coliforms
p (log CFU/mL) (log CFU/mL)
Control” - 5.07+0.01? 3.97+0.02'
Tap water - 4.90+0.02" 3.91+0.02"
50 ppm NaOCI 8.16+0.01 427+0.01¢ 2.63+0.02°
1% 8.17+0.01 4.69+0.02° 3.85+0.02"
NaHCO; 2% 8.13£0.01 4.77+0.02" 3.80+0.03°
5% 8.03£0.01 4.8140.02¢ 3.63+0.02°
0.2% 2.59+0.01 4.56+0.03¢ 3.8620.02¢
Citric acid 0.5% 2.51+0.01 4.04+0.03° 2.8120.02°
1% 2.31+0.01 3.8940.02° 2.50£0.04°

1)Control: no treatment.

Means with different superscripts (a-i) in the same column are significantly different at P<0.05.
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Table 2. Effects of combined treatment of NaHCO; and citric acid on total aerobic bacteria and coliforms

Treatment Total aerobic bacteria Coliforms

(log CFU/mL) (log CFU/mL)
Control” 5.07+0.017 3.97+0.02°
Tap water 4.90+0.02° 3.91+0.02¢
50 ppm NaOCI 4.2740.01° 2.63+0.02°
Treatment 1 1% NaHCOs+1% citric acid (10 min) 4.82+0.02° 3.79+0.01°
Treatment 2 1% NaHCOs+1% citric acid (5 min — 5 min) 4.81+0.02° 3.80+0.01°
Treatment 3 1% citric acid — 1% NaHCO; (5 min — 5 min) 3.35+0.01° 2.63+0.02°
Treatment 4 1% NaHCO; — 1% citric acid (5 min — 5 min) 3.20+0.01° 2.41x0.01"

YControl: No treatment.

*Means with different superscripts (a-f) in the same column are significantly different at P<0.05.
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Gl M= gFo] o Atk AL SR = ST
1% TA4 HA F 1% FLAUEFTFRE 944 3
3 A AT 3 EE e AT 11 Ayt a5
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Fig. 2. Change in the populations of total aerobic bacteria in
carrot juice during storage at (A) 4°C and (B) 10°C. (&) Tap
water, (m) 50 ppm NaOCl, (a) 1% NaHCO; — 1% citric acid.



1230 S FHAkA - AR
= A% 5 & AF Ve 14
Efaet sk g 55
log CFU/mLE fx]3le] ANt M5 7122 & SF5A1A
nAE S A avE FAEE A .
Zr2re] A2 A3 g F25 10°Co] 443 A
T A 19ARE A= 57 F48HA S7etr] Al el
Ao, FxE A et 50 ppme] 2hobA At A%
19 %, 1% BT A2UEFSS 1% T4k5e] dAA 1§
o4 A= A% 39 FHE ik Al 5.0 log CFU/mL
71%25 23] 1% BAFAUEFSFS 1% FAAES]

X
ok o
E (
_)‘J_nl
Ak
-
rir

oA A Wk Ak A% 71l MAE S A a3t
7P 3 Ao et 4°Cek 10°Coll A A3 5%

& A2, 50 ppm AFobd ik Aol whAl A W A
2] RE At Algas A 5d F Hdlell =2yt
TAARE adhs A4S 1oled ols o TAeR
gk Ao FaE o] APEHY] e w Yztd
tH26). 1% SAFAUEFSF} 1% T2 G4 o
g A TFE 4°C A Al 77 Ank A7t 1.35 log
CFU/mL Z7FA%F 10°C A7 Al 3.05 log CFU/mLE
HEdtel A=t wdE S0 o Fad 249
el 4= 9ok Sun 5(27)9] Aol )
& 4°ColA A A MIRBE g7l AA
Me FolH o Frhettial Balske 3

>
?

ee flr

‘Ur_@&%
m&rﬂr_u
o2
o = o
4

ol

M
= I
)

O

N2l

3l 2™, Kubheka 5(28)2 B AF5do AF2%7}
5~46°CE &5 4°C oJst=2 frAlsorut v AE 54 o
A F ALFe FEAE FAT & Adrkar Baskglth
gtatel Aol dut AlgdFet A3 A B
o g 1% GATE2UYEETY 1% F-ATE @
A (3 Aglte] 4°C A Al ol gt 743 1.05 log

CFU/mL Z7FA %t 10°C A% 4] 2.72 log CFU/mL 57}

3 tH(Fig. 3).
2 AT AR 1% BT AUERTY 1% TALTo] &
AA 3 Aele gte =
A

Z
G2 o)A v YE 24 o

y 1
79- 4°C o] &}
Lyefolrt v EsHA kg S SRS = v s
1¥e) 3]_0:]
= L PN

>

Coliforms (log CFU/mL)
S

0 1 2 3 5 7
Storage time (days)

o
™

Coliforms (log CFU/mL)
S

0 1 2 3 5 7
Storage time (days)

Fig. 3. Change in the populations of coliforms in carrot juice
during storage at (A) 4°C and (B) 10°C. (®) Tap water, (m)
50 ppm NaOCl, (A) 1% NaHCO; — 1% citric acid.
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Table 3. Change in the quality characteristics of carrot juice during storage at 4°C and 10°C
Quality Storage time (days)
characteristics Treatment 0 1 2 3 5 7
Total ~ Tap water 7.8320.06™™?  7.83+£0.06™  7.80£0.01™  7.87£0.06™  7.83£0.06™  7.87+0.06™
sugar 50 ppm NaOCl 7.87+0.06™° 7.83+0.06 7.83+0.06 7.77+0.06 7.87+0.06 7.87+0.06
(°Brix)  Treatment 4" 7.83+0.06™° 7.83£0.06 7.83£0.06 7.83£0.06 7.80+0.01 7.87£0.06
Acidiy | Tap water 0.1120.01™  0.11£0.01°  0.10£0.01*  0.10£0.01°  0.11£0.01°  0.10+0.01°
4°C ((y)y 50 ppm NaOCl ~ 0.13£0.01™°  0.14£0.01°  0.14+0.01°  0.13£0.01°  0.14+0.01°  0.14+0.01°
0 Treatment 4 0.1120.01™  0.10£0.01°  0.11£0.01*  0.12£0.01°  0.11£0.01°  0.1120.01°
Tap water 6.3520.01™™  6.35+£0.01™  6.34£0.02"  6.35£0.01™  6.36£0.01™  6.34+0.02™
pH 50 ppm NaOCl  6.35+0.01™° 6.35+0.01 6.35+0.02 6.3320.01 6.35+0.03 6.35+0.02
Treatment 4 6.35+0.01"° 6.34+0.01 6.35+0.02 6.35+0.02 6.35+0.01 6.34+0.01
Total  Tap water 7.83+0.06™Y  7.80£0.01"°  7.87+£0.06°  7.0£0.10™°  7.30+0.01™®  7.10+0.10™*
sugar 50 ppm NaOCl  7.87+0.06° 7.87£0.06°  7.83£0.06°  7.40+0.10°  7.30+0.10°  7.03+0.06"
(°Brix)  Treatment 4 7.83+0.06° 7.87£0.06°  7.87£0.06°  7.50£0.01®  7.40+0.10°  7.13x0.12"
L Tap water 0.11£0.01**®  0.1320.01™®  0.1120.01™*® 0.10£0.01**  0.33£0.01°°  0.54+0.01*"
o Acidity bA bA A bA bB bB
10°C %) 50 ppm NaOCl  0.13+0.01 0.14+0.01 0.1320.01 0.13+0.01 0.41£0.01 0.62+0.01
o Treatment 4 0.11%0.01** 0.11£0.01*  0.13£0.02*  0.11£0.01™*  0.34+0.01*®  0.55+0.01°°
Tap water 6.35£0.01™°  6.3520.01"°  6.24+£0.01™C  6.22+£0.02™C 5.74+0.01™®  4.31+0.01™*
pH 50 ppm NaOCl  6.35+0.01° 6.34£0.01°  6.23£0.02  6.22+0.02°  5.74+0.01°®  4.32+0.02"
Treatment 4 6.35+0.01° 6.34£0.01°  6.23£0.02°  6.22+0.01°  5.75+0.01°®  4.32+0.02"

DTreatment 1% citric acid after 1% NaHCOs;.

Jns, NS: Not significant.

Means with different superscripts (a-c) in the same column are significantly different from physicochemical quality and washing

treatments at P<(.05.

“Means with different superscripts (A-D) in the same row are significantly different from physicochemical quality and storage time

at P<0.05.

Table 4. Change in Hunter L, a, b value of carrot juice during storage at 4°C and 10°C

Hunter’s Storage time (days)
Treatment
color 0 1 2 3 5 7
Tap water 46.48+0.09™™?  46.50£0.03™  46.50+0.03™  46.50+0.04"  46.62+0.03"  46.78+0.01™
L" 50 ppm NaOCl  46.47+0.05" 46.50+£0.03"  46.5140.03*  46.50+0.04"  46.61+0.09"  46.77+0.05"
Treatment 4" 46.43+0.08" 46.48+0.05"%  46.50+0.06"" 46.51+0.03*®  46.61+0.03°  46.79+0.03°
Tap water 13.51+0.05™*  13.50+0.03™* 13.46+0.06™* 13.50+0.06™* 13.66+0.04™" 13.85+0.04™
4°C a~ 50 ppm NaOCl  13.48+0.04" 13.49+0.05"  13.4620.04"  13.47+0.04"  13.65+0.04°  13.85+0.03€
Treatment 4 13.48+0.02* 13.49+0.03*  13.45+0.04"  13.4620.04"  13.65+0.02°  13.8620.04°
Tap water 18.16£0.04™™  18.12+0.01™  18.14+0.01°Y  18.15+0.05™  18.16+0.02"  18.15+0.03™
b" 50 ppm NaOCl  18.15+0.01™  18.16£0.03  18.16£0.02°  18.15£0.01  18.18+0.03  18.15+0.01
Treatment 4 18.17+0.03%  18.15£0.03  18.1640.02°  18.16+0.03  18.17+0.01  18.18+0.01
Tap water 46.48+0.09™*  46.47+0.05™"  46.47+0.09™* 46.7740.06™" 47.21+0.03"C 48.21+0.03""
L° 50 ppm NaOCl  46.47+0.05" 46.49+£0.03"  46.48+0.07"  46.78+0.03°  47.17+0.04°  48.20+0.04°
Treatment 4 46.43+0.08" 46.49+0.06"  46.47+0.05*  46.80+0.03°%  47.20+0.03°  48.19+0.05°
Tap water 13.51£0.05™  13.47£0.05™" 13.45£0.03"*  13.74+0.03™" 14.56+0.03™C 15.65+0.04™"
10°C  a 50 ppm NaOCl  13.48+0.04" 13.50£0.01"  13.43+0.01"*  13.7440.04°  14.56+0.02°  15.66+0.04°
Treatment 4 13.48+0.02% 13.47+0.02"  13.48+0.02>* 13.76£0.04°  14.5620.04°  15.660.03°
Tap water 18.16£0.04™™  18.17£0.02™  18.15+0.03™  18.15+0.03™  18.13+0.02"  18.18+0.02™
b" 50 ppm NaOCl  18.15+0.01™  18.14+0.04  18.13£0.01  18.19£0.01  18.17+0.01  18.16+0.03
Treatment 4 18.17+0.03"  18.16£0.03  18.15£0.03  18.15+0.02  18.17+0.03  18.18+0.02

DTreatment 1% citric acid after 1% NaHCOs.

Jns, NS: Not significant.

Means with different superscripts (a,b) in the same column are significantly different from physicochemical quality and storage

time at P<0.05.

“Means with different superscripts (A-D) in the same row are significantly different from physicochemical quality and washing

treatments at P<0.05.
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