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Abstract

The effects of ultrasound and ascorbic acid cotreatment on the browning inhibition and microbial growth of fresh-cut
Tsugaru apples were investigated. The prepared samples were dipped in distilled water (Cont) or 1% (w/v) ascorbic
acid solution (AA) and were then ultrasonicated in distilled water (US) or 1% (w/v) ascorbic acid solution (AA+US).
The samples were then packed in a 0.04mm polypropylene bag (20x15 c¢cm) and were stored at 10°C for eight
days. The AA+US treated samples showed high L* and low a*, b* values as well as inactivated PPO activity.
The growth of the total aerobic bacteria also inhibited the AA+US treated samples more. The physicochemical
properties were not different among all the samples. It was demonstrated in this paper that the ultrasonication treatment
with ascorbic acid prevented the enzymatic browning of and microbial growth in fresh-cut Tsugaru apples.
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Table 1. Changes in color of apple slices in relation to ascorbic
acid and ultrasound treatments during storage at 10T

storage treatment”
‘}Zf,i;;i Cont AA Us AA+US
0 8137:092% 8042:153° 81.03:097" 8144131
. 2 78.19£2.00° 7997+14° 7934:081° 8026:130"
b 5 7823118 79.42+1.58' 7805:127° 8002155
8 7589137 771.22:179° 7620:239° 78.22:136'
0 426:021°  -506:060° -4.66:0.59" -4.84:0.88"
. 2 2358053 372:059° 3281039 -405:053°
5 207:080° -2.82:066° -2341040° -2.84:0.56"
8 058:085" -157085" -1.50:0.60" -2.10:0.78°
0 1353:L12 1344£109° 1306094 1338197
. 2 1897170° 15.75+1.34° 17.50£1.96" 15.79+142°
b 5 2096£264" 17.99:120° 2030:167 1666157
8 2118148 1928+123" 19.87+153° 18.46+1.34°

1)Cont, control; AA, dipped 1% ascorbic acid; US, treated ultrasound at 40kHz in
7distjlled water; AA+US, treated ultrasound at 40kHz in 1% ascorbic acid.
"Means+SD(m=30) with different letters are significantly different at 5% level.
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Fig. 1. Changes in polyphenol oxidase activity of apple slices in
relation to ascorbic acid and ultrasound treatment during storage
at 10C.

The samples are same as Table 1
MeanstSD(n=3) with different letters are significantly different at 5% level.
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Fig. 2. Changes in total aerobic bacteria of apple slices in relation

to ascorbic acid and ultrasound treatment during storage at 10C.

The samples are same as Table 1

Means+SD(n=3) with different letters are significantly different at 5% level.
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Table 2. Changes in oxygen and carbon dioxide concentration in
the packaging during storage at 10C

storage treatmem”

period

(day) Cont AA Us AA+US

0 21.00:0007 21.10+0.10" 20.50+0.50°  21.000.00°
Oxygen 2 12609070 1100110  1150£030" 11.70:0.40"
(%) 5 880£050°  930+030°  8.100.10°  7.30+040°

8 730:020° 740090  800:0.70°  6.7040.50"

0 020:000° 030+0.10°  020:0.00"  0.30+0.10°
Cabon 2 550:070°  840:040°  7.80:020°  8.30:0.20'
dioxide . . . "
%) 5 750:030°  820+040°  7.60:030°  7.800.20

8 590:0.10°  6402040°  590+030°  7.20%030"

Dsame as Table 1

“Means+SD(m=3) with different letters are significantly different at 5% level.
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Table 3. Changes in physicochemical properties of apple slices in
relation to ascorbic acid and ultrasound treatment during storage
at 10T

storage treatment”
period
(day) Cont AA Us AA+TS

0 1050:020"  1030+020" 10.50£020°  1050+0.2"

Totaslo 1siiuble 210405000 1050£020°  10.50:020°  10.40£040°
(Brix) 5101050200 1000£000°  1000:040°  10.30£020°
8 1000:000' 990:020°  1000:000'  1030£020°

0 021:001"  022:000"  0210.00°  0.22+000"

T;tcr?(ti?tt;le 2 020:000° 0212001 021:001'  021x001°
(%) 5 0200000 0212001  020:000° 0214001

8 019:000° 020:00°  020£000°  020£001°

0 38000 379:00° 381:000" 380:001"

" 2 387002 383002 3942000 3.77:001°

P 5 388:000°  381:001°  391:001' 3794003

8 394006 388:003°  392:003' 394007’

Usame as Table 1

PMeansSD(m=3) with different letters are significantly different at 5% level.

(@] (e]+
i) =

-G a7bE AtZke] AW v dE A7 A dl ol
3l ascorbic acid®} &3} g9 aHE FAlsHATH
ARS8 ZEo 7 A2, 183F SRS FA|(Cont), 13
59t 1% ascorbic acidoll I A|(AA), 12 5+ 223 28

(US), == 13 59 1% ascorbic acid§0 02 %23} ]
(AA+US) ¥ 0.04 mm polypropylnene filmS.2 I ¥4
3kaL, 8 &<k 10TAM Agstir F2 WsE 489
T} AA+US H2| oA AR vpR et @7x] 71 =8 Lrgk
I} G2 a*, b*3ks H %31, polyphonoloxidase & gk
7P A E AR Uittt S Wshks A% &7
FE wpAE IR AA+US ATl wAdE Aol
7P AsE ASoE UEpHTE 7HA ¥R § A4
T 9 pH T2 Az mE & }olE Hol|A| Ut
w2} A ascorbic acid®} 2239 W& A= 44 Ao
AbRel 44 ZAWE Ak, rAE AS Adlste
2HE 7HAE AR A

dAtel =
B =22 20119 sHFAET FH71e7IEAE 9
A7 Ahog o]Fofyl Afolr o]of ZMA=HYTh

1. Kim BS, Kim WO, Kim DC (1999) Freshness
prolongation of ’Tsugaru’ apple by pressure cooling.
Korean J Food Preserv, 6, 365-370

2. Chung HS, Lee HD, Kim SY, Lee HC, Jeong HS, Choi
JU (2000) Influence of storage atmosphere on quality
preservation of Tsugaru’ apples. Korean J Food Sci
Technol, 32, 668-673

3. Hwang TY, Jang JH, Moon KD (2009) Quality changes
in fresh-cut potate(Solanum tuberosum var. Romano)
after low-temperature blanching and treatment with
anti-browning agents. Korean J Foood Preserv, 16,
499-505

4. Rocha AMCN, Morais AMMB (2003) Shelf life of
minimally processed apple(cv. Jonagored) determined by
colour changes. Food Control, 14, 13-20

5. Chung HS, Toivonen P, Moon KD (2008) Combined
effects of vanillin and antibrowning agent on changes
of quality and microorganisms in fresh-cut apples. Korean
J Food Preserv, 15, 385-389

6. Hwang TY, Son SM, Lee CY, Moon KD (2001) Quality
changes of fresh-cut packaged Fuji apples during storage.
Korean J Food Sci Technol, 33, 469-473

7. Cliff M, Toivonen P, Forney C, Liu PT, Lu CW (2010)
Quality of fresh-cut apple slices stored in solid and
micro-perforated film packages having contrasting O,



10.

11.

12.

13.

14.

Effects of Ultrasound and Ascorbic acid Cotreatment on Browning of Fresh-cut ‘Tsugaru’ Apples

headspace atmosphere. Postharvest Biol Technol, 58,
254-261

. Olivas GI, Mattinson DS, Barbosa-Canovas GV (2007)

Alginate coatings for preservation of minimally processed
’Gala’ apples. Postharvest Biol Technol, 45, 89-96

. Lu S, Luo Y, Tumer E, Feng H (2007) Efficacy of sodium

chlorite as an inhibitor of enzymatic browning in apple
slices. Food Chem, 104, 824-829

JH, Moon KD (2011) Inhibition of
polyphenoloxidase and peroxidase activities on fresh-cut

Jang

apple by simultacous treatment of ultrasound and ascorbic
acid. Food Chem, 124, 444-449

Park JD, Hong SI, Park HW, Kim DM (1999) Modified
atmosphere packaging of ’Tsugaru’ apple(Malus
domestica Borkh) for distribution. Korean J Food Sci
Technol, 6, 357-364

Yoo UJ, Kang IK, Kweon HJ, Kim MJ, Kim DH, Lee
DH, Byun JK (2006) Usage potentiality of starch pattern
index at aminoethoxyvinylglycine treatment to prevent
preharvest drop in *Tsugaru’ apple fruits. Kor J Hort
Sci Technol, 24, 64-69

Arias E, Gonzalez J, Oria R, Lopez-Buesa P (2007)
Ascorbic acid and 4-hexylresorcinol effects on pear PPO
and PPO catalyzed browning reaction. J Food Sci, 72,
422-429

Jang JH, Moon KD (2010) Effects of combine treatment
with ultrasound and ascorbic acid on the storage qualities
of fresh-cut ‘Jonathan’ apples. Korean J Food Preserv,
17, 202-207

15.

16.

17.

19.

20.

21.

. Eidhin DM, Murphy E, O’beitne D

327

Pristijono P, Wills RBH, Golding JB (2006) Inhibition
of browning on the surface of apple slices by short term
exposure of nitric oxide (NO) gas. Postharvest Biol
Technol, 42, 256-259

Monsalve-Gonzalez A, Barbosa-Canovas GV, Cavalieri
RP, McEvily AlJ, Iyengar R (1993) Control of browning
during storage apple slices preserved by combined
motheds. 4-hexylresorcinol as anti-browning agent. J
Food Sci, 58, 797-800

Altunkaya A, Gokmen V (2008) Effect of various
inhibitors on enzymatic browning, antioxidant activity
and total phenol content of fresh lettuce(Lactuca sativa).
Food Chem, 107, 1173-1179

(2005)
Polyphenoloxidase from apple(malus domestica Borkh.
Cv Bramley’s seedling): purification strategies and
characterization. J Food Sci, 7, 51-58

Cha HS, Kim SI, Kim BS, Kim SH, Park SJ, Cho SH,
Choi HY (2004) Effect of inhibition on browning and
microbial growth of minimally processed lettuce. Korean
J Food Preserv, 11, 331-335

Sagona HG, Lee SY, Chang PS, Heu SG, Ryu SR, Choi
YJ, Kang DH (2011) Combine effect of ultrasound and
organic acids to reduce Escherichia coli O157:H7,
Salmonella Typhimurium and Listeria monocytogenes on
organic fresh lettuce. Int J Food Microbiol, 145, 287-292
Kim SY, Cho JS, Moon KD (2011) Effects of combine
treatment with high CO2 concentration and ascorbic acid
on browning of fresh-cut 'Fuji’ apples. Korean J Food
Preserv, 18, 475-480

(A% 20129 1€ 59 478 2012+ 3¢9 209 A= 20124 4Y 279)



