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Quality Changes in Peeled Lotus Roots Immersed in Electrolyzed Water
Prior to Wrap—- and Vacuum-Packaging

Kee-Jai Park, Jin-Woong Jeong*, Jeong—Ho Lim, Bum-Kun Kim
and Seong-Won Jeong
Korea Food Research Institute, Kyunggi-do 463-746, Korea

Abstract

This study investigated changes in quality characteristics of wrap- and vacuum-packaged peeled lotus roots treated
with strong acidic electrolyzed acid water (SAEW pH 2.58, ORP 1,128 mV, HCIO 105.0 ppm) or low alkaline
electrolyzed water (LAEW pH 8.56, ORP 660 mV, HCIO 73.8 ppm) as immersion liquids prior to packaging and
storage at 5C. Immersion of peeled lotus roots in SAEW and LAEW reduced initial microbial load by about 1
log compared to treatment with tap water (TW). Hardness differences on storage were observed. However, reduction
in PPO activity by electrolyzed water was not reproducible. Changes in Hunter's color value and the color difference
value (A) of peeled lotus roots immersed in 0.5% (w/v) sodium metabisulfite (SMS) and electrolyzed water were
smaller than those of roots treated with TW prior to storage. Sensory characteristics measured during storage were
best-preserved in lotus roots previously immersed in 0.5% (w/v) SMS or electrolyzed water, compared to TW.
Immersionin electrolyzed water and vacuum packaging preserves the quality of peeled lotus roots in terms of microbial,
visual, and sensory aspects, at levels comparable to those offered by storage after treatment with 0.5% (w/v) SMS.
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Table 1. pH, oxidation-reduction potential (ORP) and available
chlorine contents of immersion liquid for immersion of peeled
lotus roots used in this study

Immersion liquid pH" ORPmV)”  Available chlorine (ppm)”
™’ 6.76+0.01 793+13

0.5% SMS’ 3.85+0.01 154417

SAEW” 2.5840.02 1,128+31 105.0+1.03
LAEW’ 8.56+0.02 660£19 73.8+1.09

DAl results are presented as meantstandard deviations of triplicate.

)

)Tap water.
0.5%(w/v) Sodium metabisulfite.
'Strong acidic electrolyzed water.
'Law alkaline electrolyzed water.
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Fig. 1. Changes of total viable cell counts of wrap-packaged peeled

lotus immersed in various immersion liquids during storage at 5TC.

Immersion liquids were tap water (TW) (O), 0.5% sodium metabisulfite (0.5% SMS)

(), strong acidic electrolyzed water (SAEW) ([]) and low alkaline electrolyzed water
(LAEW) (). Data represent means of three replications+standard deviation.
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Fig. 2. Changes of total viable cell counts of vacuum-packaged
peeled lotus immersed in various immersion liquids during storage
at 5C.

Immersion liquids were tap water (TW) (O), 0.5% sodium metabisulfite (0.5% SMS)
(), strong acidic electrolyzed water (SAEW) ([]) and low alkaline electrolyzed water
(LAEW) (). Data represent means of three replications+standard deviation.
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Table 2. Changes in hardness of peeled lotus of wrap- and
vacuum-packaged peeled lotus immersed in various immersion
liquids during storage at 5C

(units : gfer)

Jmmersion liquid”

™ 05% SMS SAEW LAEW
0 51050:499" A 51458364 A 5017:1278 A 50278:664 A
5 45B6TI4A ATNSHNIB 44058128 44701£1692 B
10 43M8:49A 417941553 B 4434123743 BC 45233:1226 C

Weap 15 43813:197B 41858:355 B 42840:1986 C 441062425 D
0 436431083 C 35953101 B 423084896 D 412754754 D
35 3737307 C 35204:1525 B 401681982 D 378401296 D
0 37530:35D 3621181 C 37474681 E 3800342005 D

Packaging Sto%i;s t)ime

0 51050:499 A 512452364 A 5019712784 502782664 A
7 495861003 B 4645611063 B 46098:859B 446092710 A
14 48802:795 B 44506£155.1 C - 44707£1563C 447141829 B
4841421016 C 44307:%91D 4431359120 44505421 B
B 40953:349D 4010821555 D 390542158 40309286 C
3 3295311201 D 35404£2689 D 33755:566E 34958212 CD
31104279 E 3M99:1977E 35975119 F 35733441 D

Vacuum 21

S

"Refer to Table 1.
PAll results are presented as meantstandard deviations of triplicate. Values in a
column sharing a common letter are not significantly different (p<<0.05).
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Table 3. Changes of total phenolic contents of peeled lotus of
wrap- and vacuum-packed peeled lotus immersed in various
immersion liquids during storage at 5C

(Units : mg%)
Storage Immersion liquid”
Packaging  time
(days) ™™ 05% SMS  SAEW LAEW
0 606:117 A 611208 A 60306 A 61106 A
5  616t05B 677¢11B  706:1.1 B 64604 B
10 616103 C 69206 B 714:17C 67.1:04 C
Wrap 15  656:05D 694:08 B 73608 C 70.1:08 D
20 67406 D 69009 B 769+15C 712411 D
25 677¢03D 69809 B 767:06 C 715:08 E
30 704404 C 77808 B 79607 C  714+09 F

0 606t1.1 A 611108 A 603106 A 61.1+0.6 A
7 623103 B 62504 B 658t05 A 61.3205 A
14 634108 B 664+05 BC 71.1+05 A 63.62083 B
Vacuum 21 679103 C 677203 C 729+01 A 643203 B
28 756104 C 684104 D 770+04 A 66505 C
35 76901 D 68906 E 76.6t04 B  67.1:0.1 D
4 796t02D 715:06 F 786103 C 681+02 E

"Refer to Table 1.
PAll results are presented as meantstandard deviations of triplicate. Values in a column
sharing a common letter are not significantly different (p=<0.05).
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Fig. 3. Changes of AE value of wrap-packaged peeled lotus
immersed in various immersion liquids during storage at 5C.
Immersion liquids were tap water (TW) (O), 0.5% sodium metabisulfite (0.5% SMS)

(), strong acidic electrolyzed water (SAEW) (L)) and low alkaline electrolyzed water
(LAEW) (). Data represent means of three replications+standard deviation.

Table 4. Changes of polyphenol oxidase activity of peeled lotus
of wrap- and vacuum-packaged peeled lotus immersed in various
immersion liquids during storage at 5C

(Units : units/g)
Storage Tmmersion liquid”
Packaging  time
(days) ™ 0.5% SMS SAEW LAEW

0 2558047 A 253t03 A 296+04 A 28.1405 A

5 433105 B 476105 B 49408 B 43.8:02 B
10 49309 B 46.6t05 C 46706 B 468:0.1 B
Wrap 15 45504 B 46504 C 465:01 B 45708 B

20  457+06 B 466102 D 468104 B 45406 C
25 459101 C 466105 D 457108 BC 44.1:02 D
30 485t1.1C 465t06 D 45706 C 434+04 D

0 255104 A 253:03 A 296104 A 28105 A
7 28903 AB 292404 B 297102 B  29.0+03 B
14 28918 BC 30.7£13 C 294+1.6 B 31.1£06 B
Vacuum 21 351416 C 323:05 B 296105 B 31401 B
28 350404 D 354£18 C 299+08 C 34502 C
35 490£13 E 427£13D 435£21 E 420£12 D

42 489105 F 465106 D 469+13 D 446104 D

"Refer to Table 1.
PAll results are presented as meantstandard deviations of triplicate determinations.
Values in a column  sharing a common letter are not significantly different (p<0.05).
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Fig. 4. Changes of AE value of vacuum-packaged peeled lotus
immersed in various immersion liquids during storage at 5C.

Immersion liquids were tap water (TW) (O), 0.5% sodium metabisulfite (0.5% SMS)
(V), strong acidic electrolyzed water (SAEW) () and low alkaline electrolyzed water
(LAEW) (). Data represent means of three replicationsstandard deviation.
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Table 5. Changes of color value of lotus roots of wrap- or vacuum-packaged peeled lotus immersed in various immersion liquids during
storage at 5C

Immersion Color Storage time (days)

Packaging

. 1)

liquid value 0 7 14 21 28 35 £
L T442+0057A  73.89+0.09 A 7492+1.12 A 73524013 A 69.54+006 A 67.66+0.06 A  6343x0.04 A
W a 083004 A 0661005 A -057t002 AB  -0.1840.10 AB  050+0.12 AB 191008 AB  0.82%0.10 B
b 1200:006 A 12.09:005 A 1255+0.10 A 1326+0.17 A 13974023 A 15312013 A 14.65:0.06 A
L 73674010 A 7388004 A 7607:0.02 A 73621005 A  69.84+0.06 A  6891+002 A  659+0.13 A
06% AA a 0231003 A 0.52:008 A -088+0.04 A 055:005 A 080+0.04 A 271015 A 2.04+003 A
b 1199+0.13 A 1352010 A 1328001 A  14.66+008 A 14094006 A  1839:0.16 A  17.73:0.04 A

Warp

L 73861005 A 74.040.11 AB 7435005 AB  73.56t0.08 AB 71.71:0.04 AB 71.72+0.10 B 68.82+0.13 B
SAEW a 030003 A 0.04+002 A 006£0.02 A 010001 A 003002 A 022004 A  0.28+006 A
b 11.86+0.08 A 11682006 A  1294+0.04 A 11484013 A 1253009 A  12.22+003 A 1147006 A
L 73684004 A 7339+003 AB  74.62:002 AB  72.85:0.04 AB 72.88:005 AB  72.93:0.03 AB  71.85:0.11 B
LAEW a 0215004 A 0262001 A -029:003 A 0.19:001 AB 051027 AB  0.120.11 AB  0.07+0.06 B
b 553:004 A 1085:008 A 1005t006 A 104012 A 956:005 A 9.06t001 A  8.89+0.11 A

0 7 14 21 28 35 i)
L 74294013 A 7346008 D 7379009 C  73.93:004 B 7394008 B 7281+0.04 E  72.73:0.18 F
™ a 083002 A 046t001 B -0551003 C  0.12¢001 D  -002:001 E  -006t0.02 F  -0.08:0.01 G
b 11.93:004 A 1144+006 B 11.06:0.04 C  1043:008 D  10.86:0.11 E  1092+0.10 F  10.83+0.12 E
L 73684011 A 7375:061 B 7266008 C 72058006 D 7207006 D  72.1¥001 D  72.13#0.01 D
06% AA a 0224002 A 0024047 AB -004+001 AB  003t001 C  004:001 C  004+002 C  0.06%0.01 C
b 1200005 A 125013 B 12394008 C 1206004 B 12.02:001 B 11.96:0.15D  12.00:0.04 A

Vacuum

L 74381004 A 72461005 B  72.70£0.13 C  72.88%004 D  72.88%001 D  72.8310.04 E = 72.61£0.03 F

SAEW a 0841004 A -044:008 B -050+0.09 C  -0.15t005D  -002:¢001 E  -005t004 E  -0.08+0.01 F

b 11.94£006 A 1144:002 B 11.06:0.04 C 1075008 D 1081004 E  1095:0.04 F  11.05£0.03 C

L 73732015 A 7324006 B 72.90£0.13 C  72.06£006 D  72.07:006 D  71.88£0.08 D  72.04:0.13 E

LAEW a 0224005 A -022+019 A 001001 B 0.05+0.04 B 0.06+0.05 B 0.04+0.04 B 0.07+0.06 B

b 11991005 A 12.10:0.13 AB 12.06:0.05 AB  12.05t006 B 12.07:006 C  11.76:009 D  11.15t0.15 F

1)
Refer to Table 1.
PAll results are presented as meantstandard deviations of triplicate determinations. Values in a column sharing a common letter are not significantly different (p<0.05).
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Table 6. Sensory evaluation of peeled lotus roots of wrap- and vacuum-packaged peeled lotus immersed in various immersion liquids

during storage at 5C

37 A|158 A55 (2008)

. i Storage time (days
Packaging ml]ilzlll?irz}?n chacertic 0 5 10 : 5 = 2 2 30
™ 355 40" 52" g5 455 5.0B° 55%
05% SMS Oft-favor 3.8: 4.2’; 5.2’; b"4.3:B 4.8; 6.0; 5.7:B
SAEW 30 37 37 4.3 60 52 50
LAEW 42 33 52° b5 8* 4 58" s
™ 50t o4, 5% 47 27 42" i3 51BC 3 0%
0.5% SMS Appearnee 65" 62" 58 63" 35° .5° W
SAEW 63" 7.5 57 4,3 30° %5.0% 38
LAEW 574 67" 60" 42 4.8%® i3 "B 390
™ 50 b4 2 45" 7P 50" 40ABC 08
05% SMS 67" 62" 50" 6.0 7 33% b1.3¢
Wrap SAEW Color i 08 38 5.0% by o iy 7D 48 i)
LAEW g )48 60" 53% b3 8% Yy "¢ 3¢ 130°
™ 70 50" 50" 62" 52" 38° 53"
05% SMS Hardness 77 5.5*:3 6.7’1B 5.5’1‘3 5.3’;‘3 4.32 5.oz
SAEW 70 65 58 6.7 55 55 6.0
LAEW 73 65" 60" 50° 57 48° 55"
™ *5.34 43" 4.0 27 45" b3 0% 3 0%
0.5% SMS Overall 75" 57 50° 57 3.2° *1.8% *1.7°
SAEW acceptance 6.7*® 73 53% g 3® 2.8° 43P h 7
LAEW s 848 6,74 53" b3 5 47 8" 33
Storage time (days)
0 7 14 21 28 35 )
W 35t 25 25° 67 33 33° 32°
05% SMS Oft-flavor 3.72 3.02 3.32 63 48 3.22 3.7’;
SAEW 30 38 28 57 30 27 32
LAEW 43t 33 35 47 45 28 35
™ 57 67 45° 7€ 5" 52" 60"
05% SMS Appearance 6.2: 70 6.0’;B ““’4.2f a"5.3‘:‘3 5.8“AB 5.5’1B
SAEW 63 67 53 50 3 58 48
LAEW 60" 58 62" 358 o438 57 50"
™ 57 67 45° 20° 588 57 578
Vacuum 05% SMS Color 67 68 58 48" 32° 52" 58
SAEW 50t 67 5T 53 67 5.5t 53
LAEW 53" 58 624 2.8° g0 57 53"
™ 6.7 60" b5t 52 o4 5t 50t 60"
0.5% SMS Hardhess 78 6.3$ ';‘7.0:; 5.02 Ss’*:z 6.522 6.02;
SAEW 72 62 57 43 48 58 67
LAEW 70 63" s 548 47 bs0"® 50™ 65"
™ 6.0 65" 47 *.5¢ %578 520 578
0.5% SMS Overall 7.5 63" 5.5% 40 *33° 5.3% 58"
SAEW acceptance 6.5 62" 50t YM 60" a7 53
LAEW 578 by 7M€ 60 #33¢ 37 43 58

URefer o Table 1.

PMeans with the same superscripts in a colunm(a-d) are not significantly different from each other at a=0.05 as determined by Duncan’s multiple range test.

IMeans with the same superscripts in a tow(A-D) are not significantly different from each other at a=0.05 as determined by Duncan’s multiple range test.

not significant, * p<005, ** p<00l, *+ <000l



10.

11.

. Hathaway, S. (1999) Management of food safety in

international trade. Food Control, 10, 247-254

. Kim, GH. and Bang, HY. (1998) A survey on

consumption pattern of minimally processed fruits and
vegetables. Korean J. Dietary Culture, 13, 267-274

. Kim, D.M. and Kiim, J.K. (2006) Definition and scope

of fresh-cut agricultural foods. p. 3. In Symposium on
the Industry and Quality Control of Fresh-cut Agricultural
Foods. National Horticultural Research Institute, Suwon,
Korea

. Oh, D.H. (1999) Microbiological safety of minimally

processed vegetables, Food Ind. Nutr., 4, 48-54

. Soliva-Fortuny, R.C. and Maritin-Belloso, O. (2003) New

advances in extending the shelf-life of fresh-cut fruits:
a review, Trends Food Sci. Technol., 14, 341-353

. Yang, H.C., Kim, Y.H,, Lee, TX. and Cha, Y.S. (1985)

Physicochemical properties of lotus root. J. Korean Agri.
Chem. Soc., 28, 239-244

. Park, S.Y., Hwang, T.Y., Kim, J.H. and Moon, K.D.

(2001) Quality changes of minimally processed lotus
root(Nelumbo nucifera) with browning inhibitors. Korean
J. Postharvest Sci. Technol., 8, 164-168

. Park, S.H., Ham, T.S. and Han, J.H. (2005) Effects of

ethanol-extract of lotus roots on the renal fuction and
blood pressure of fructose-induced hypertensive rats. J.
East Asian Soc. Dietary Life, 15, 165-170

. Park, S.H., Shin, E.H., Koo, J.G., Lee, T.H. and Han,

J.H. (2005) Effects on Nelumbo nucifera on the regional
cerebral blood flow and blood pressure in rats. J. East
Asian Soc. Dietary Life, 15, 49-56

Moon, S.M. (2003) Purification and characterization of
polyphenol oxidase and prevention of browning of lotus
root(Nelumbo nucifera G.). MS thesis, Mokpo National
University, Mokpo, Jeolla namdo, Korea

Moon, S.M., Kim, H.J. and Ham, K.S. (2003) Purification
and characterization of polyphenol oxidase from lotus

12.

13.

14.

15.

16.

17.

18.

19.

20.

2]

3L
T o

2!

F AZTe 493t

o

629

root(Nelumbo nucifera G.). Korean J. Food Sci. Technol.,
35, 791-796

Jeong, J.W., Park, K.J., Sung, JM., Kim, JH. and Kwon,
K.H. (2006) Comparison of quality of peeled lotus roots
stored in various immersion liquids during storage.
Korean J. Food Sci. Technol., 38, 526-533

Park, W.P., Cho, S.H. and Lee, D.S. (1998) Screening
of antibrowning agents for minimally processed
vegetables, Korean J. Food Sci. Technol., 30, 278-282
Park, S.Y., Hwang, T.Y., Kim, J.H. and Moon, K.D.
(2001) Quality changes of minimally processed lotus
root(Nelumbo nucifera G.) with browning inhibitors,
Korean J. Postharvest Sci. Technol., 8, 164-168
Kiura, H., Sano, K., Morimatsu, S., Nakano, T., Morita,
C., Yamaguchi, M., Maeda, T. and Katsuoka, Y. (2002)
Bactericidal activity of electrolyzed acid water from
solution containing sodium chloride at low concentration,
in comparison with that at high concentration. J.
Microbiol. Methods, 49, 285-293

Koseki, S. and Itoh, K. (2000) Fundamental properties
of electrolyzed water. Nippon Shokuhin Kagaku Kogaku
Kaishi, 47, 390-393

Lavid, N., Schwartz, A., Yarden, O. and Tel-Or, E. (2001)
The involvement of polyphenols and peroxidase activities
in heavy-metal accumulation by epidermal glands of the
waterlily(Nymphaeaceae). Planta, 212, 323-331
Takahashi, T., Abe, K. and Chachin, K. (1996) Effect
of air-exposure at low temperature on physiological
activities and browning of shredded cabbage (in
Japanese). J. Jpn. Soc. Food Sci. Technol., 43, 663-667
Son, S.M., Moon, K.D. and Lee, C.Y. (2001) Inhibitory
effects of various antibrowning agents on apple slices.
Food Chemistry, 73, 23-30

Brecht, J K., Sabaa-Srur, A.U.O., Sargent, S.A. and
Bender, R.J. (1993) Hypochlorite inhibition of enzyme
browning of cut vegetables and fruits. Acta Horticulturae,
343, 341-344

(A5 2008 69 169, A= 2008 9€9 59)



