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Effect of Calcium-Added Cellulose Coatings
on the Firmness of Plums
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Abstract

Plums (Prunus salicina 1.) were coated with calcium-treated methylcellulose (CaMC) and hydroxypropylmethyl-
celtuloge-15 (CaHPMC-15). Respiration rate, weight loss, pH and titratable acidity, texture, and sensory
characteristics were compared during 8-day storage period at 30°C. Weight loss and respiration rate of plums
coated with CaMC and CaHPMC-15 were lower than those of control plums during storage while pH increased
and titratable acidity slowly decreased during storage. Mechanical firmness was significantly decreased during
storage, in which CaMC- and CaHPMC-15-coated plums were harder than the control. Amount of soluble
pectin, and pectin esterase and polygalacturonase activities as the markers of softening commonly increased
with storage, but both CaMC and CaHPMC-15-coated plums were not found those increases. Semsory evaluation
showed that the flesh softening of plums decreased during storage, and that in the coated plums exhibited the
harder flesh. In conclusion, introduction of CaMC and CaHPMC-15 coatings on plums decreased respiration rate
and contributed to delay of flesh softening, and the significant difference in postharvest storage quality of the
both plums were not found between CaMC and CaHPMC-15 coatings.

Key words: plum, cellulose, coating, calcium, firmness

N OB

A& A Hsle] YAo] F2 AMEE G
AL AN AT FENE WA sl 38R
ol 8= gl ojAlstebasl Alae] Ul S 2
A48 E W 389 A8 W& A =Hei
sedel Al4-E3E A H9v 3yl 12~1347)
o FIollx] Lalx|2} HEol} AHLE o] %D sucrose
polyester®9} chitosan® § choFgt Aafol] W3 A7}
A& Qic}. olejyl A]-8-32¥-2 GRAS (generally
recognized as safe)d] A]EA 52X, MEZLA%]
WA FeA© g AR A2 S5 Qo) £33 A4
FHgL 1Y) 029 Za¥ut ol BHA, BHT,
rosemary &) 52| FAAE H7HE CMC¥o]

Corresponding author: Chul-Jai Kim, Department of Food and
Nutrition, College of Home Ecopnomics, Sookmyung Women's
Univemity, # 53-12, 2-ka Chungpa-dong, Youngsan-ku, Seoul
140-742, Korea

91

uhh, wbsn, sajote] iyt 4 2|A AT, oleoresin
9] x| x7]ell N3k &A2HEIA® 5 potassium sorbate
H7bell A Awake] Alpilz] A0 B HrlAE
3 v E d7E 2 gl
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CaCl, (calcium chloride, anhydrous (first grade))¢} 99.9
% ethanol (EtOH)&- Duksan Pure Chemical Co. Ltd.,
(Ansan, Korea)2] 71-&, Methylcellylose (MC)$} hydroxy-
propylmethylcellulose-15 (HPMC-15)x= The Dow
Chemical Co. (Midland, MI, U.S.A.)2] Methocel A 15
LV Premium3} Methocel E 15 LV Premium-§, Poly-
ethylene glycol 400 (PEG 400)2 Shinyo Chemical
Co., Ltd. (Osaka, Japan)®} 71-& AH2-8151c}.
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Zg H7H5E methylcellulose (CaMC)$} hydroxy-
propylmethylcellulose-15 (CaHPMC- 15)3 8] ol|-& $:¢]
WP o] o3ted Alxgt F ATl TEEe] u]=H
AT} A AT 8 2 a7l
Al £x9) 30°C F2All 8U7t RAFHA HA
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AFnge 7 &3
Aol #-2- 78 wo] Wo] micrometer (Peacock,
G-6: No.5, Japan)y& A-8-31<] 203] 2493}9ic}.

TEER &Y

& ¥-B(respiration ratey I A 2 q10G o]-§-3}o]
HAEE olaksiRtAe] HIER HA3g o, GCel
Fqlsleq @ FABrlE2Y o2 HE CO2 L of
o) Ao} ofated Absigdct olde] ML
Table 13} 7Fgkc}.

Respiration Rate (L’kg- hr) =
CO, concentration X Volume (L)

Weight (kg) % Time (hr)

Table 1. Operating conditions of gas chromatography
for respiration rate

Instrument : Shimadzu GC 14 A (Shimadzu Co.
Tokyo, Japan)

Detector : TCD (Thermal Conductive Detector)

Column : Alitech CTR I

Column Temp. 1 35°C

Injection Temp. 1 60°C

Detector Temp. 1 60°C

Carrier gas : He (60 mL/min)

Injection volume 1 200 pL
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7k (weight loss)e 30°Ce] &40 vt
A g At o] A 2lste ALl
et

(%)=
[(E715%@) - LT @)VE7 5% (@) x 100

pH % HIYME 5F

#)& AAY A5 388 blender (Oster, Model 861-
66, Milwakee, WI, US.A)E 38 & f4ldelr)
(Model MF300, Hanil Industrial Co., Seoul, Korea)ell-+]
3,000 ;pm o 2 1047} A& F 48 AHFAE S0
mLe] w]o}Ael 33led pH meter (&34 pH meter,
Beckman Instruments, Inc., Fullerton, CA, U.S.A)E
33 243l ALe e AQACHH ") 93l 23]
&} F malic acid (%)2 ¥4b3te] F A8k}

ax £

7 E(fimness)= AFE 938 2u]lZ Rheometer
(Model CR-200D, Sun Scientific Co., Ltd., Tokyo,
Japan)ol] A A1Z] ¥ Pressure sensor rod2] 3-8 type
4] No. 34 tooth type rod& ]38} rod7} - #
¢ o Fele Az A& FANAG o] o
10 kgo] maximum load cell® 1% ZFH.9 3 mode
1 (penetration)?] Wyl o2 24%¢]en, oluf chart
speed+= 60 mm/min, table speed¥= 100 mm/min$ic}.

T8N 2 =

z+ FEE AF 30 g¥& A o FFSE 150
mLA A 7}3led blender® vl3) & F, magnetic stirrer
£ o483l 1Az} 308 Fot AErt L F 50 mL
£ 3o 33 F9 YA4E=r] (Model HSOE-TR,
Hanil Industrial Co., Seoul, Korea)oll4] 3,500 rpm &2
HAlge] A7 ohg o 5}x)(Whatman No. 2)& 53
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#el2] anhydrogalacturonic acid (AGA, MW=176)
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ol 2] 4+ AYPFE At oo,
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Chemical Co., Ltd., St. Louis, MO, U.S.A.}& 0~100
pg/mie] FE2 A8 AMzAel FUdP o 4N
gol P4 ¥ 176/2128 F5lod anhydrogalacturonic
acid 2 g4lsislc).

Polygalacturonase2| &4

Polygalacturonic acid (Sigma Chemical Co. St. Louis,
MO, USA, ©% 85~90%): € 5& Eo)7] 43l A
AL T ko] whyg® ojsle] &g} o)w) 276
nm¢] Spectrophotometer (Model UV 120-02, Shimadzu
Co., Kyoto, Japan)ellX] H45& 243t 2534
2 23¥ galacturonic acid & A4kste]on, poly-
galacturonase (PG, EC.3.2.1.15)2] $4-& 37CellA ¥
3 1oM#| galacturonic acidE AJAIBLEE sl
k& 1 mitE A2l Elgic).

Pectinesterase2| #4

Pectinesterase (PE, EC3.1.1.11)%= citrus pectin (Sigma
Chemical Co., St. Louis, MO, US.A)e & 5o upg®
22 AA § ¥, Thibault} Mercier™ 2] vp el pH¥
Bl ¢J3}ed PES| &4 {7 a3l
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Fig 1. Effect of storage on respirstory rate of plums at
30°C. &—@: Control, A—aA : CaMC, B—l: CaHPMC-
15.
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Fig. 2. Changes in weight loss of plums at 30°C. 0—@:
Control, A—a : CaMC, -—M: CaHPMC-15.
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Fig. 3. Changes in pH and titratable acidity of plums
stored at 30°C. ®—@: Control, A—aA: CaMC, B—M:
CaHPMC-15, O—Q: control, A—A: CaMC, {1
CaHPMC-15. Filled symbol indicates pH and open symbol
indicates titratable acidity.
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Table 2. Changes in mechanical firmness (kg) of plums stored at 30°C

Storage time (da
Group” torag (day)
0 1 2 4 5 6 8
Control 3.390"9 3.000"° 2.467" 1.967% 1.750* 1.567 0.700®°
CaMC 3.390*" 3.323%¢ 3.200™5¢ 2467 2.167°° 1.900"® 1.433"*
CaHPMC-15 3.390* 3.333% 3.367% 3367 3.083%® 2467 2.46T"

UControl: Plums with no treatement.

CaMC: Plums coated with Ca-added methycellulose film, CaHPMC-15: Plums coated with Ca-added hydroxyproxymethyiceltulose

film, whose viscosity is 15 cp.
“Values are mean of 6 replications.

?Values in the same vettical columns for each group bearing different small letters differ significantly, and different capital
letters in the same horizontal row denote significantly differences (p<0.05).

A% 24 5e] W2FE FH3] Ao} st A%
8ol 0.70 kg7hA| FA3H.en, CaMCEE A4
3] Zhadte] AA 8ol 1.43 kg7hA| FAsigiod,
CaHPMC-157-2 A7 8ol 247 kg2 2 AA3] 3t4
3] A3} Ad-E Aot A7) 7E E9F CaHPMC-
152835 CaMCRE o] 2T M} §9 Ao
¢ A=E& Yeisich(p<0.05). Drake 572 A+
A Mz Alshel| polyesteri® & & S ALr}
A FAE G 2o g v 5% Q343 com-
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E=E 2YE5¢ A4 #A5 A3 dAE ¢ 5
sk

T84 wElte % Aoy

T84 HRgE: 38o] AT Axd viAe 4
F& dolry] 3] A7 44 ARk W3
€ Fig. 4o viehligict. A4 Ade] 584 A9 §=)
< 3.96 mgmLoAA A 19 Foll= d2F, CaMC,
CaHPMC-1570] 7}t 4.05, 2.51, 3.72 mg/mL&E o=
o] feHon 84 Hg wol i3k UM
Lo, A7 24 Foll 7L A} 2 32 S
B vepdle] Al A¥T 25 AA 2d ¥} f9
Ao g 584 Ahgpe] 7P Ao, 2 F oA
2 3718 A3 8 Fol o] ¥E el
(p<0.05). Z+ AYFTHE v ZHUH 2T T
o ulsled FejHeg & AEg vehle] 25
Hste] 29 ARE FA AAY & 315t} Chang
E) A% Fao] ARIFERS 0.15~039 g galac-
turonic acid/100 mLe}= &7 Aste) v T E off =
719] ¥ ke A2 dx]3}r}. Komiyama 5
L Ao A F A gEke] HalE A7 A o
AzAe] As $44 A olde Wit
Aol gkl Fabrle Aol wlz FEslgden,

Soluble pectin (mg/mL)

0 2 4 6 8 10
Storage time (day)

Fig. 4. Changes of soluble pectin content in plums at 30
°C. 8—@: Control, A—aA: CaMC, I—: CaHPMC-15.

Sordum AFellAE WH3ZE A9 Qlohw dle FEIt
9] Aolg & 4= sl o) ErAl 2Fe] A5 AR 7]
78] 7o) wel 8494 gepe] Frlsig] on,
Fgo) 9]3le] 1 Frlge] A4S ¢ 4 Yk

Polygalacturonase #4

AF2] PGEA 9] W3lE Fig. 59 veliic}. of
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gl et IR 7)o PG @Ao) i)
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2 & PGE ¥AE it PG H¥lAle]
glycosidic linkage®] 3-8 Z&vi3le] o] ANE
Yoyl Ao delx ¢=Hl®, avocado®, bartlett
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AiAE Jepdicly st} =3 Rahman $002



% YFAEHGA A 31D A 1E (1999)

PG activity g.:mollmUmin) -

(=]
[34]

0 " " ’
0 2 4 6 8 10
Storage time  (day)

Fig 5. Effect of storage on polygalacturonase activity of
plums at 30°C. @—@: Control, A—aA: CaMC, B—R:
CaHPMC-15.
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Pectinesterase (PE) ®4

PEE ¥<l3}l7] $13F pHE] W3l Fig. 6014 %
o] citrus W&l o)) A5 FHALNE Hrleid-dd, &
Aoz pHY Z4E Yehidthp<0.05). ¢] A3
£ ZHF7el PGS} PEY] §AJo] slvhe Ba®¢} 413
g} 2ejug 2R ARt F Ak PG
PE7} 2H¢- gtg.on, AAE7] o= PES) 2Hgol 2}3}
of methyl”)7} frelgo2A] Ay Jae e
H €19 carboxyl?|e}e] ZAtel] &i3le] 484 QDY
gho] 7Hadiglon), 1 Fel= PGS akgo] sl
Hele] g Ales FFo2A My 4371
Ay Ao AgsE)

A

N2} Y F AFE 30°CaAM AREA 5
AAHE AN 23} Table 35} et A7 HA M2
717t AR 2l AR, A A7)
7k §ot 2RFe Axst AR A e A
A gdollet {2l Al Zo] & tehliddct. el de] A}

4.38
4.36
T 4.34
4.32
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(a) Control

0 50 100 150 200

0 50 100 150 200
Time (min)

. Fig. 6. Effect of pectinesterase activity on pH changes of

plums stored at 30°C. Control: Plums with no treatement.
CaMC: Plums coated with Ca-added methycellulose film,
CaHPMC-15: Plums coated with Ca-added hydroxyproxy-
methyloeliulose film, @—@: 0 days, A—a: 2 days, B—8:
3 days, O—C: 4 days, A—A: 6 days, and (3—{7: 8 days.

Table 3. Changes in sensory scores of plums stored at
30°C

Charac- Storage time (day)

. Group” F-value
teristics P 2 4 8
Control 433%2 385%" 211" 3.01*
Firmness CaMC 466 416* 37T 1.00

CaHPMC-15 4.16* 4.00* 3.88* 0.11

See Table 2, footnote 1.

alues are mean scores of 8 panels. Values in the same
vertical columns for each group bearing different small letters
differ significantly, and capital letters not in common for
plums among storage days denote significantly differences
(p<0.05).

24} A5 CaMCe} CaHPMC-158 28 ¥ 3% 5
%F % 3EHE A E AN H5e] AHE WH
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9} hydroxypropylmettiylceliulose-15 (CaHPMC-15)28-&-
e 3l I°CoA] 8UZ AAsIHA EHE, T
4§, pH 2 4%, 24 9 7|4 AE, d5HAE
Al A3l zeje] A3 FAY A3 o2 gyl

A a8 X A7) Al ole} ko] o
She climacteric rise ¥4& 23 glgl.en, CaMCS}
CaHPMC-15 3% AH7¢] Fakzta &9 3§82 o
Z3ol visted Al Vel 714 2329 Ase
A7) 7t AR Ay onl, 38 AT} AT
Aol v]8le] wivtalAl Yol gle) AR ed3te] =)
E7} H& pectinesterase = S8}, AR 71715t
T84 9= e] ¥4} polygalacturonase2] FAjo) F7}
39 o1} CaMC$®} CaHPMCS] FEleo) o]s}ed Z7}
AA AAE Jepligdcl =3 B AR E
A 717ke] Aol we} A5 s} WA=l
U 28 AR & AEE vehigict

olAke] An}2A] Ao CaMC®} CaHPMC-159)
FEA TFEF W FHLLEL JdAsl $8F9
A3HE GAEE & 5 dsled T T3 Ao)
+ veh A} wgtet.

2 #

1. Hardenberg, R.E.: Wax and related coatings for horti-
cultural products. A Bibliography. Agricultural Research
Service Bulletin 51-15, United States Department of
Agriculture, Washington, D. C., U.S.A. (1967)

2. Drake, S.R., Fellman, JK. and Nelson, J.W.: Postharvest
use of sucrose polyesters for extending the shelf-life of
stored Golden Delicious apples. J. Food Sci,, 52(5), 1283-
1285 (1987)

3. Ghaouth, A.E., Ponnampalam, R., Castaigne, F. and
Anul, J.: Chitosan coating to extend the storage life of
tomatoes. HortScience, 27(9), 1016-1018 (1992)

4. Vojdani, F. and Torres, J.A.: Potassium sorbate per-
meability of methylcellulose and hydroxypropylmethyl-
cellulose coatings: effect of fatty acid. J. Food Sci,
55(3), 841-846 (1990)

5. Park, H.J, Chinnan, M.S. and Shewfelt, R.L.: Edible
corn-zein film coating to extend storage life of tomatoes.
J. Food Process. Preserv.,, 18, 317-331 (1994)

6. Hardenburg, R.E.: Wax and related coating for horticultural

10.

11.

12.

13,

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24,

products. A Bibliography. Agricultural Research Service
Bulletin 51-15, United States Department of Agriculture,
Washington D.C., U.S.A (1967)

- Nisperos-Carriedo, M.O. and Baldwin, EA.: Composition

and method of increasing stability of fruits, vegetables
or fungi. U.S. Patens, 5,198,254 (1993)

. Liu, H. F., Booren, A. M,, Gray, 1. 1. and Crackel, R. L.

Antioxidant efficacy of oleoresin- rosemary and sbdium
tripolyphosphate in reduced pork steak. J. Food Sci,
57(4), 803-806 (1992)

. Jones, R.G.W. and Lunt, O.R.: The function of calcium

in plants. Bot. Rev., 33, 407-426 (1967)

Marinos, N.G.: Studies on  submicrascopic aspects of
mineral deficiencies. 1. Calcium deficiency in the shoot
apex of batley. Amer. J. Bot, 49, B34:841(1962)
Masuda, Y.: Role of cellular ribonucleic acid in the
growth response of avena coleoptile to auxin. Physiol
Plant,; 12, 324-335 (1959)

Batis, A.H. and Bramlage, W.J.: Uptiake of calcium by
apples from postharvest dips in calcium cilcoride solutions.
J. Amer. Soc. Hort. Sci, 102(6), 785-T88 (1977)

Drake, S.R. and Spayd, S.E.: Influente of cakium
treatment on Golden Delicious - apple: quality. J. Food
Sci., 48, 403-405 (1983) ’

Siddiqui, S. and Bangerth, F.: Effect of pre-harvest
application of calcium on flesh firmness and cell-wall
compasition of apples -influence of fruit size. J. Hort.
Sci, 70(2), 263-269 (1995)

Song T.H.. Preparation and functional properties of
cellulose-based films with calcium, and the coating effects
on postharvest storage qualities of plums. Ph.D. Thesis,
Sookmyung Women's Univ., Seoul, Korea (1995)

Lee, J.: The design of controfled or modified packaging
system for fresh produce. In Food-Product Package
Compatibility, Proceedings. Gary, J.1., Harte, B.R., and
Miltz, J. (ed.), Technomic Publishing Co. Inc., Lancaster,
PA, US.A., p. 157 (1987)

AOA.C.: Official Methods of Analysis, 16th ed.,
Association of Official Analytical Chemistts, Washington,
D.C.,, US.A. (1995)

Blumenkrantz, N. and Asboe-Hansen, G.: A new method
for quantitative determination of uronic acids. Anal. Bio-
chem., 54, 484-489 (1973)

Hwang, J.K.: Contribution of side branches of apples
and tomato pectins to their rheological properties. Ph. D.
thesis, New Jergey Rutgers Univ., New Brunswick, New
Jersey, U.S.A. (1991)

Hwang, J., Roshdy, T.H., Kontominas, M. and Kokini,
J.L.: Comparison of the effects of dialysis and metal
precipitation on the physicochemical properties of apple
pectins. J. Food Sci., 57(5), 1180-1184 (1992)

Thibault, JF. and Mercier, C.: Aspergillus niger endopoly
galacturonase : 2. Characterization and some properties.
J. Food Biochem., 2, 379-393 (1978)

Jellinek, G.: Sensory Evaluation of Food Theory and
Practice. VCH, Weinheim, Germany, p.347-387 (1985)
SAS Institute Inc.: SAS User's Guide: Statistivs, 5th ed.
SAS Institute Inc., Cary, NC, U.S.A. (1985)

Kitamura, Y.T., Itamura, H. and Fukushima, E.: Ripening

changes in respiration, ethylene emanation and ascorbic



98

26.

27.

28.

29.

30.

31

A FAA2 A A 31 A 15 (1999)

acid content of plum fruit (in Japanese). J. Japan. Soc.
Hort. Sci,, 52(3), 325-331 (1983)

. Smith, W.H.: The gas storage of Monarch plums. Report

of the Food Investigation Board for the Year 1938. p.161-
165 (1939)

Ghaouth, A.E., Arul, J., Ponnampalam, R. and Boulet,
M.: Chitosap coating effect on stability and quality of
fresh strawberries, J. Food Sci, 56(65), 1618-1621 (1991)
Ukai, N.Y., Ishibachi; S., Tsutsumi, T. and Marakami,
K.: Preservation of agricultural products (in Japanese).
U.S. Patent, 3,997,674 (1976)

Smith, S.M. and Stow, JR.: The potential of sucrose
ester coating maerial for. improving the storage and. shelf-
life qualities of Cox's Oranges pippin Apples. Ann. Appl.
Biol., 104, 383-391 (1984)

Crisosto, C.H., Retzlaff, W.A., Williams, L.E., Delong,
TM. and Zoffoli, J.P.: Postharvest performance evajuation
of plum (Prunus salicina Lindel., Casselman) fruit grown
under three ozone concentrations. J. Amer. Soc. Hort. Sci,
118(4), 497-501 (1993)

Park, H.J,, Chinnan, M.S. and Shewfelt, R.L.: Edible
coating effects on storage life and quality of tomatoes. J.
Food Sci,, 59(3), 568-570 (1994)

Chang, T.S., Siddig, M., Sinha, NK. and Cash, LN.:
Plum juice quality affected by enzyme treatment and

32.

33.

34,

35.

36.

37.

fining. J. Food Sci., $9(5), 1065-1069 (1994)
Komiyama, Y., Harakawa, M. and Ozawa, S.: Changes
in physical and chemical compositions of plums during
maturation (in - Japanese). Nippon Shokuhin Kogyo
Gakkaishi, 26(7), 305-310 (1979)

Dilley, D.R.: Enzymes in the Biochemistry of Fruits and
their Products, Hulme, A.C. (ed.), Academic Press, NY,
U.S.A. (1970)

Raymond, D. and Phaff, H.. Purification and certain
properties of avocado polygalacturonase. J. Food Sci,
30, 266-273 (1965)

Ahmed, A. and Labavitch, J.M.: Cell wall metabolism
in ripening fruit. II. Changes in carbohydrate degrading
enzymes in ripening Bartlett pears. Plant Physiol, 65,
1014-1016 (1980)

Matior Rahman, AKM., Hug, E, Mian, AJ. and
Chesson, A.: Microscopic and chemical changes occurring
during the ripening of two forms of jackfruit (Artocarpus
heterophyllus L.). Food Chemistry, 52, 405-410 (1995)
Pilnik, W. and Voragen, A.G.J.: Pectic enzymes in fruit
and vegetable juice manufacture. In Enzymes in Food
Processing. Nagodawithana, T. and Reed, G. (ed),
Academic Press, NY, U.S.A. p.366 (1993)

(1998 8% 199 AH+)



