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Abstract

To maintain the microbiological safety of Prunus nume fruit before it is processed, it was treated with a combination
of 0.5% citric acid and 0.1% Tween 20, and stored at 4+1°C for seven days. The combined treatment reduced
total aerobic bacteria, yeast, and mold populations in the fruit by 2.20 and 1.70 log CFU/g, respectively, compared
to those in the control. Organic acid contents and the Hunter L*, a*, and b* values were not affected by the
treatment during the storage. In addition, the dried Prunus mume fruit prepared with 40% red algae extract (RAE)
or maltodextrin (MD) treatment and hot-air drying were compared with respect to the fruit’s physicochemical properties
such as color, total phenolic and flavonoid content, and microstructure. The hot-air dried samples had undesirable
color changes and inferior textures. The RAE-treated samples had a higher total phenolic content (225.15 mg gallic
acid equivalent (GAE)/100 g) and total flavonoid content (49.25 mg quercetin equivalent (QE)/100 g) than the
other treatments. The treatment of Prunus mume fruit with RAE can provide better-dried products than can MD
treatment or hot-air drying. These results suggest that the combined treatment with citric acid and Tween 20 can
be effective in preserving the microbiological safety of Prunus mume fruit, and its dehydration using RAE is an

efficient drying method.
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Table 1. Change in the populations of preexisting microorganisms in Prunus mume fruit during storage at 4T

(unit: log CFU/g)

Storage time (day)

Microorganism Treatment

0 1 3 5 7
Control 4.26+0.52" 4.28+0.16™ 4.330,05™ 4.49+0,07* 4.5540,07*

Water washing 3.94+0.14™ 401£0.15% 4.08+0.08" 426+0.09% 4324010

TO‘];}[C?:;‘;M Citric acid (0.5%) 2,65:0.04% 2704017 2.83:0.16™ 3.010,04™ 3.110.06™
Tween 20 (0.1%) 291037 2930.16 3.08+0,07°" 3.19+0,04° 3.28+0,08

Citric acid + T 20" 2,06+0.10% 206+0.11% 2.09+0.10% 2.1620.15% 2.20+0.17%

Control 3.92+0.10™ 3.98+0.05" 4.05£0,07 4.21+0.06™ 4.390.06™

Water washing 3.6420.04% 3.72£0.09% 382£0.11% 4.030.08" 4.18+0.07*

Yeast and molds  Citric acid (0.5%) 2.66+0.20™ 2.744025™ 2.86+0.23™ 3.05+0.24% 3.12+021™
Tween 20 (0.1%) 3.12+0.08% 3214005 331£0.07" 3.4320.00% 3.5440,08%

Citric acid + T 20 22040.07% 2.27+0.08% 23320.06™ 242+0.10™ 2.58+0.03%

UCitric acid + T 20; Sanitizer mixture of 0.5% citric acid and 0.1% Tween 20
2)Any means in the same column (A-E) or row (a-d) followed by different letters are significantly (p<0.05) different.
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Table 2. Change in the organic acids content of Prunus mume fruit during storage at 4C

(unit: mg/100 g)
o Storage time (day)
Organic acid Treatment
0 1 3 5 7
Control 172.240.05™" 161.1£0.00* 15624000 151.240.06™ 148.1£0.01*
Water washing 169.4£001* 160.4001% 156.80.02* 1525007 148.9:0,00™
Citric acid Citric acid (0.5%) 168.1£0.01* 159.10.01*% 155.0£0.01* 151.0£0.03* 147.1:0.01%
Tween 20 (0.1%) 168.90.02* 157.8:0.02% 153.840.02" 149.3£0.01* 147.0£0.02*
Citric acid + T 20 166.420.07™ 161.2:0.01" 155.3:0.02" 151.0£0.01* 147.9+0.04*
Control 415.420.04™ 4069005 4003003 391.140.03* 389.2£0.10*
Water washing 4229000 408.7£0.05" 396.9:0.08" 390.140.00"* 389.240.00™
Malic acid Citric acid (0.5%) 416.5:0.08™ 405.8:0,05™ 39142011 387.240.00"%" 386.50.01*"
Tween 20 (0.1%) 419.120,00™ 396.70.01™ 385.2£001% 381.50.05™ 380.1£0.01"
Citric acid + T 20 418.70.01™ 399.70.01% 389.6+0.00"* 381.70.07% 381.420.10™
Control 17.0:0.00™ 15.6£0.00% 14.8£0.00™ 14.7£0.00™ 143£0,00%
Water washing 17.0£0.01" 1630.00*" 1530.00" 152£000™ 14.9£0,00"
Oxalic acid Citric acid (0.5%) 16.9:0.00™ 15.6:0.00% 14.7:0.00* 14.640.00*" 14.2:0,00%
Tween 20 (0.1%) 17.4£0,00™ 16.9:0.00™ 15310.00" 153:0.01%° 15.1£0.00™
Citric acid + T 20 17.2£0.00™ 16.8:0.00™ 15310.00% 152:0.01%° 15.0£0.00™
"Any means in the same column (A-B) or row (a<e) followed by different letters are significantly (p<0.05) different.
Table 3. Change in Hunter color values in Prunus mume fruit during storage at 4C
Color Treatment Storage time (da)
0 1 3 5 7
Control 46.48+0.19"" 46324025 46474025 4638031 4641024
Water washing 46344032 46.54+0.30™ 46.57+0.23" 46.44+0.30™ 4647+027
L* Citric acid (0.5%) 4634+033" 4641029 46454039 4659037 4646029
Tween 20 (0.1%) 46.56:021™ 46.55:0.34™ 46.44£0.22™ 46.330.24™ 46.54£0.22™
Citric acid + T 20 46.670.44™ 4642020 4641030 46.52037™ 46.6920.12*
Control -13.68031* -13.50£0.40™ -13.370.28" -13.65£0.40™ -13.34£037™
Water washing -13.57035™ -13.57£027™ -13.7420.12" -13.37£032" -13.57£036™
a* Citric acid (0.5%) -13.560.24™ -13.72025™ -13.63£038™ -13.66026™ -13.60£032™
Tween 20 (0.1%) -13.53033" -13.38027™ -13.74£034™ -13.49:035™ -13.70£0.24™
Citric acid + T 20 -13.53£0.25™ -13.731021% -13.64:0.37 -13.62:0.30" -13.68:0.30™
Control 19.56:0.29* 19.43£0,23" 19.4240,28" 19.47£021* 19.530.28*
Water washing 19.50£0.23" 19.62+0.22™ 19.64+026™ 19.34+0.23" 19.55+0.38™
b Citric acid (0.5%) 19.52+0.38™ 19.75£0.27* 19.32£0.37* 19.51£0.35* 19.37£021*
Tween 20 (0.1%) 19.38:0.29* 19.52:£0.20* 19.59£0.31* 19.530,24* 19.76:0.28*
Citric acid + T 20 19.26:0.31* 19.490,24* 19.47£0.21* 19.48£0.27* 19.58+0.28*
PAny means in the same column (A) or row (a) are not significantly (p<0.05) different by Duncan’s multiple range test.
Zre] {o) ARl Afol7t i, A% Fel = 2to]lE Ho|A] AA717F E<F Hunter L, a, b 3t &% 2}o] S Holx|

23T} o] = Kang 5(29)°] A2 7} A2l o]4its} gokthe 1A ¥kt Kim 5(30)°] 271 0.5% fumaric
Aoy Aol F AES 243 Ay, 279 AT 2 add 9L 2] L o|aksldagel WA et A}, A
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ol & dA2zet dAeieint o] o 22 EAYEE T
of ofa] Tz o] w2 EUE&2 EAF Az
% WA sk= A EAEY 53 22 IS Hadg)s]
o] B Al i S5 S Alolgka A2 Th3R).

Az ojale] Mz &
Az v AMe =% AIE Table 40 YERATE
Hunter L 3k¢] 7%, vzl vl Az 2% 748k

3
=

Table 4. Color values of the dehydrated Prunus mume fruit
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o IFAx A wjalo] 37.892 /Mg Yo L whE
YERN T, Hunter a~ 35S 2+ A2 T 7 599291 o] =
B =, gzt -3459 vusty] @3z A2
mj o] 7H4 =9kaL, RAE A 2|3t vid e -282% tizT
o} 7PF frAbel B EQith B AREE Yehle
Hunter b k2] Z$-ol= dF4x 2] njido] 20.132
2 gAE A v Bt} #8kth Schwartz 5(33)S
Z22go] Ay L%o Wsittn Euskela,
Barreiro $(34)& GF A% o4& M A9y 2 Maillard
reaction®. 2 Z¥lo] WAttty B sttt weba 4%
Az A2t vl ¢, 2o wEHo] F22d I}
¥ 4 ZEFdo Rz 9lsle] izl Hlsj L gho] 7Has)
a 9b Fol F7HE Aew detEn, o]3 Ayt
Kim 5(31)¢] AF Az A2}t frababsich 3 o
Z79} vl wsle] FFAx 4ol total color difference(A
E)7} 19952 71 =4 YElsk=t], o= Wang 5(16)9]
sut Ax AFAIet Al ol AFEFEH 4
FAz vlE] GFAE Aele mjade] MAa E4o] A

S Ve,

4= ofdel £ HEs W E2EL0|E FEF
23 el = vl e mde] F8 7]
o), Az W] w2 njAlol & ¥E s
= , I27-2] 7% 244 mg GAE/100 go|1om,
IEZAZ, MD, RAE A3t mj A& Z+7} 198.55, 199.48,
225.15 mg GAE/100 g2 2 RAE 2|3}t njdo] Az 3
7P =e F vE kS Helon, A3z vjie] 7P
SHQkTH(Table 5). @adx wjAe] A5, dE g5tEe] 1
2ol FHofsto] AT A FAE Ao FokE =1,
Vega-Galvez 5 (352 ATl E E3F0x 139 F H=
gtefo| 7hAastgtin B8t 1, Miranda 5(36)2] AT
NN = Fof RokS AFEAZ A2)e A3 Hx ex=9
% ¥E ke vy 3AS YeEhdTh

Azxd vjde] F ZEkH ol ke U217} 5833
mg QE/100 g, 7%, MD, RAE A 2|3 2o 7%,
747} 27.50, 29.03, 49.25 mg/100 g©. 2 RAE 2] & uj 29|
4SS 2FETR= Uk wk A ufd SoME 7 =o

o o

Color parameter

Treatment " - B
L a b AE
Control” 53.69:0.07? -3.45+0,08° 8.3240.13° _
Hot-air dried 37.89+0.08" 3.48+0,02" 20.13+0.20* 19.95+001*
40% MD-treated 46.60:0.125 -6.75:0.06° 17.0920.16° 11.6820.01°
40% RAE-treated 41.100.04° 28240168 18.6620.09% 17,480,045

"Raw Prunus mume fruit

“Different superscripts within the same column (A-D) followed by different letters are significantly (p<0.05) different.



658

Fehiliecls §UE L U, GFAE ALl 1Y

=
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&al0] WAG Ao A7HE D], Mohd Zainol S(37) Ea
o 1% F o) ~E}HL01C7} o7 g ek

Az A BEAE ol

Table 5. Total phenolic and flavonoid contents of dehydrated
Prunus mume fruit

Total phenolic content  Total flavonoid content

Treatment (mg GAE/100 ) (mg QE/100 ¢)
Control” 24401232 58.5£0.33*
Hot-air dried 198.6£1.02° 2750.74°
40% MD-treated 199.5:2.48° 29.0£0.63°
40% RAE-treated 22524205 493+072°

"Raw Prumus mume fruit
"Different superscripts within the same column (A-D) followed by different letters
are significantly (p<0.05) different.

A2 Mo mE 12 vhe] vIATES AAFARR]
Aoz BAG AsFg 1), 2T v mAE v RAES

MD A z|gt njde & 20| & Heolx] gsov), dF %
mjAe] Ae FIEA 2 xol2 Hylon Ash} £23

How Qstel 2UL TE ek, ol @ Aok
Therdthai®} Zhou(38)7} € FAZE 53l 120 =%

RE 9o} WAl F2E BEG A} A xRt 28T T
= Ho|H open structure”} %

Ao B gk Aybel FAL

Fig. 1. Scanmng electron micrographs of dried Prunus mume fruit.
Raw (A), Hot-air dried (B), MD-treated (C), RAE-treated (D).

214 A5Z (2014)

ik =g AFAZ % wjado] weol wFEo} 2Ho|
1531, Aol P45 W el 2T 60)
el GEAZHT RAE 95A1 5 o 83 A% o]
Az vjde] F4 fA0 §% wvHoleln Buw

o o]
hd =

T8 3 wjde] nAyETH kA FEE Yl 0.5%
citric acid®} 0.1% Tween 20 T 2 ¥ X2 3‘? 4+1CollA
797 AAetAA P AE 7 H FE HIE A
Citric acid2} Tween 20 W& 2] & & 3714 A3
&8 2 Zgo] £ gz Hlwate] 2+ 2.06, 2.22
log CFU/go. 2 7MY & HA 898 Helor, o3t
o= A 79 Bt AAEAT A fU1A S
EA8 A3} malic acid, citric acid, oxalic acid®] <A =
5e e Uehln, 2E A2 T Fol1e) Aol s}
OiM_Bi xﬂx} PARS Oﬂ/\] = j}o]é io] ] OJ—o’I—\;].

el mjale] AAA %‘1_ 2 ekl A JEE AZE
A 7 2AFEHN GFAE o] &3 Hx T HUx ”H’“J
4 @ﬁra FEA xS} v, FAEATE E5A A
Fz HlEl =2 = Ui, & sE
L ga]'i‘“o]‘: T A 5z B ULOLO”% iz
T-oF Akt g2 frAlstslh ek Az il o] Ao
AN E EA] HrF FH JeE 73R = AR
BESER =Y w}am Bop JJr 4@} Z vl citric acid2}
Tween 20 gl
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el

References

1. Park LY, Chae MH, Lee SH (2007) Antibacterial activity
of fresh Prunus mume and Prunus mume liqueur
byproduct. J Fd Hyg Safety, 22, 77-81

2. Ko BS, Park SK, Choi SB, Jun DW, Jang JS, Park SM
(2004) Hypoglycemic effects of crude extracts of Prunus
mume. J Korean Soc Food Sci Nutr, 33, 951-957

3. Lee OK, Lee HJ, Shin YS, Ahn YG, Jo HIJ, Shin HC,
Kang HA (2007) Quantitative analysis of the fruit flesh
of Prunus mume Siebold & Zuccarni. Korean J Medicinal
Crop Sci, 15, 143-147

4. Park SI, Hong KH (2003) Effects of Japanese apicot
(Prunus mume Sieb. et Zucc) flesh on baking properties



10.

11.

12.

13.

14.

Non-thermal treatment of Prunus mume fruit

of white breads. Korean J Food Culture, 18, 506-514

. Beuchat LR, Adler BB, Lang MM (2004) Efficacy of

chlorine and peroxyacetic acid sanitizer in killing Listeria
monocytogenes on iceberg and romaine lettuce using
simulated commercial processing conditions. J Food Prot,
67, 1238-1242

. Kim YJ, Kim MH, Song KB (2009) Efficacy of aqueous

chlorine dioxide and fumaric acid for inactivating
pre-existing microorganisms and FEscherichia coli
O157:H7, Salmonella
monocytogenes on broccoli sprouts. Food Control, 20,
1002-1005

typhimurium, and Listeria

. Guentzel JL, Liang Lam K, Callan MA, Emmons SA,

Dunham VL (2008) Reduction of bacteria on spinach,
lettuce, and surfaces in food service areas using neutral
electrolyzed oxidizing water. Food Microbiol, 25, 36-41

. Obande MA, Tucker GA, Shama G (2011) Effect of

preharvest UV-C treatment of tomatoes (Aolanum
Iycopersicon Mill.) on ripening and pathogen resistance.
Postharvest Biol Tec, 62, 188-192

. Kondo N, Murata M, Isshiki K (2006) Efficiency of

sodium hypochlorite, fumaric acid, and mild heat in
killing native microflora and Escherichia coli O157:H7,
Salmonella typhimurium DT104, and Staphylococcus
aureus attached to fresh-cut lettuce. J Food Prot, 67,
721-31

Sagong HG, Lee SY, Chang PS, Heu SG, Ryu SR, Choi
YJ, Kang DH (2011) Combined 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
Bastos MSR, Soares NFF, Andrade NJ, Arruda AC, Alves
RE (2005) The effect of the association of sanitizers and
surfactant in the microbiota of the cantaloupe (Cucumis
melo L.) melon surface. Food Control, 16, 369-373
Sagong HG, Cheon HY, Kim SO, Lee SY, Park KH,
Chung MS, Choi YJ, Kang DH (2013) Combined effects
of ultrasound and surfactants to reduce Racillus cereus
spores on lettuce and carrots. Int J Food Microbiol, 160,
367-372

Simal S, Femenia A, Llull P, Rossello C (2000)
Dehydration of aloe vera: simulation of drying curves
and evaluation of functional properties. J Food Eng, 43,
109-14

Chun HH, Kim MS, Chung KS, Won M, Song KB (2012)
Dehydration of blueberries using maltodextrin and the
physicochemical properties of dried blueberries. Hort

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

659

Environ Biotechnol, 53, 565-570

Kim NH, Jo WS, Song KB (2013) Dehydration of omija
(Schisandra chinensis B.) using red algae extract as a
hypertonic agent. Korean J Food Preserv, 20, 248-288
Wang SM, Yu DJ, Song KB (2011) Physicochemical
property of pumpkin slices dehydrated with red algae
extract. J Korean Soc Appl Biol Chem, 54, 921-925
Chun HH, Kang JH, Song KB (2013) Effects of aqueous
chlorine dioxide treatment and cold storage on microbial
growth and quality of blueberries. J Korean Soc Appl
Biol Chem, 56, 309-315

Usenik V, Fabcic J, Stampar F (2008) Sugars, organic
acids, phenolic composition and antioxidant activity of
sweet cherry (Prunus avium L.). Food Chem, 107,
185-192

Rumbaoa RGO, Cornago DF, Geronimo IM (2009)
Phenolic content and antioxidant capacity of Philippine
sweet potato (lpomoea batatas) varieties. Food Chem,
113, 1133-1138

Dewanto V, Wu X, Adom KK, Liu RH (2002) Thermal
processing enhances the nutritional value of tomatoes by
increasing total antioxidant activity. J Agric Food Chem,
50, 3010-3014

Akbas MY, Olmez H (2007) Inactivation of Escherichia
coli and Listeria monocytogenes on iceberg lettuce by
dip wash treatments with organic acids. Lett Appl
Microbiol, 44, 619-624

Sagong HG, Lee SY, Chang PS, Heu SG, Ryu SR, Choi
YJ, Kang DH (2011) Combined 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
Li Y, Wu C (2013) Enhanced inactivation of Salmonella
Typhimurium from blueberries by combinations of
sodium dodecyl sulfate with organic acids or hydrogen
peroxide. Food Res Int, 54, 1553-1559

Bastos MSR, Soares NFF, Andrade NJ, Arruda AC, Alves
RE (2005) The effect of the association of sanitizers and
surfactant in the microbiota of the cantaloupe (Cucumis
melo L.) melon surface. Food Control, 16, 369-373
Lee SA, Kim KH, Kim MS, Park NK, Yook HS (2008)
Microbial and physicochemical characteristics of a maesil
(Prunus mume) treated with low levels of gamma rays.
J East Asian Soc Dietary Life, 18, 989-996

Jung GT, Ju IO, Choi SR, You DH, Noh JJ (2013) Food
of Cudrania
tricuspidata in its various maturation stages. Korean J

nutritional  characteristics of  fruit



660

27.

28.

29.

30.

31.

32.

33.

Food Preserv, 20, 330-335

Kim JM, Shin MS (2011) Characteristics of Rubus
coreanus Miq. fruits at different ripening stages. Korean
J Food Sci Tech, 43, 341-347

Lee JO, Lee SA, Kim MS, Hwang HR, Kim KH, Chun
JP, Yook HS (2008) The effects of low-dose electron
beam irradiation on quality characteristics of stored
apricots. J Korean Soc Food Sci Nutr, 37, 934-941
Kang JH, Park JY, Oh DH, Song KB (2012) Effects
of combined treatment of aqueous chlorine dioxide and
UV-C or electron beam irradiation on microbial growth
and quality in chicon during storage. J Korean Soc Food
Sci Nutr, 41, 1632-1638

Kim JY, Kim HJ, Lim GO, Jang SA, Song KB (2010)
Effect of combined treatment of ultraviolet-C with
aqueous chlorine dioxide or fumaric acid on the
postharvest quality of strawberry fruit “Flamengo” during
storage. J Korean Soc Food Sci Nutr, 39, 138-145
Kim MS, Kang JH, Chung KS, Won M, Song KB (2013)
Effects of dehydrating agents on the physicochemical
properties of dried plum (Prunus salicina L.) slices. J
Appl Biol Chem, 56, 19-22

Jayaraman KS, Gupta DD, Rao N (1990) Effect of
pretreatment with salt and sucrose on the quality and
stability of dehydrated cauliflower. Int J Food Sci Tech,
25, 47-60

Schwartz SJ, Lorenzo TV (1991) Chlorophyll stability
during continuous aseptic processing and storage. J Food
Sci, 56, 1059-1062

214 A5Z (2014)

34.

35.

36.

37.

38.

39.

Barreiro JA, Milano M, Sandoval AJ (1997) Kinetics
of colour change of double concentrated tomato paste
during thermal treatment. J Food Eng, 33, 359-371

Vega-Galvez A, Di Scala K, Rodriguez K,
Lemus-Mondaca R, Miranda M, Lopez J, Perez-Won M
(2009)  Effect of air-drying
physicochemical properties, antioxidant capacity, colour

temperature  on

and total phenolic content of red pepper (Capsicum
annuum L. car. Hungarian). Food Chem, 117, 647-653
Miranda M, Vega-Glavez A, Lopez J, Parada G, Sanders
M, Aranda M, Uribe E, Di Scala K (2010) Impact of
air-drying temperature on nutritional properties, total
phenolic content and antioxidant capacity of quinoa seeds
(Chenopodium quinoa Willd). Ind Crop Prod, 32, 258-263
Mohd Zainol MK, Abdul-Hamid A, Abu Bakar F, Pak
Dek S (2009) Effect of different drying methods on the
degradation of selected flavonoids in Centella asiatica.
Int Food Res J, 16, 531-537

Therdthai N, Zhou W (2009) Characterization of
microwave vacuum drying and hot air drying of mint
leaves (Mentha cordifolia Opiz ex Fresen). J Food Eng,
91, 482-489

Vega-Galvez A, Lemus-Mondaca R, Bilbao-Sainz C, Fito
P, Andres A (2008) Effect of air drying temperature on
the quality of rehydrated dried red bell pepper (var.
Lamuyo). J Food Eng, 85, 42-50

(B 20149 7€ 79 4 20149 89 279 A 2014 8Y 28Y)



