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Effect of Calcium Addition on Physicochemical Properties of
Cellulose-Based Edible Films

Tae Hee Song and Chul-Jai Kim
Department of Food and Nutrition, Sookmyung Women's University

Abstract

The preparation and the functional properties of methylcellulose (MC) and hydroxypropyl-methylcellulose
(HPMC) edible films with and withont calcium were investigated. All the prepared films exhibited transparent
and whitish color with 2.38~3.55 haze intensity. Tensile strength of MC films were stronger than HPMC

films with and without calcium, and moreover addition of calcium increased tensile

, but elongation

of HPMC film was specially Jower than the other films. Solubility of films did not differ with calcium
addition but decreased with increasing viscosity in HPMC films. Water vapor transmission rate (WVTIR) of
HPMC and MC films were not affected by calcium, but viscosity of film's raw material was important to
determine WVTR in HPMC. Oxygen permmbﬂincsofMCﬁhnswere lower than those of HPMC films, and
became lower with calcium addition. According to scanning electron microscope (SEM) observation on the
surface characteristics, MC film with calcium had relatively uniform and smooth surface than HPMC films.

Key words: cellulose, calcium, edible film, physicochemical properties, scanning electron microscope

M B2

Al-8-gF(edible film)}& At4 U oJAIBREA: F2
7tA9) £Z71ke] $34A )4 (barrier) g 71X 3 218
o 23 439 o] F¢ xAAFL JAN HIA
(mechanical handling properties)& -g-013}7 sje} 7=
§ fAskT & iy AEAVES 2
e 9%g 0. oLl I8 Feo 422 AF
9| 2o) AMgBAY, PERAEI §4F O E 84
E2 AR AF Aololl AHEE|Y] §ic). Al4EES
AlEo] RE)sjed ALSR A5 A EAH FHYRY o
29 Agkel SESAo} AkA4e] F48 AT
o, A2 ohE AlF AEE 2] ¥ olF & WA 3
oo} ¥}, 2189 G5} FEL A8 40l wel =2
hydrocolloid, 2}, composite®] 37}2] & Vi 4~ e
¥ hydrocolloid €§2] =& Fosin AL

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

¥ FHAHAAE Yo 3O, 48882 Ukai 59l
o3 537} 249 ol AL 3054t A4 EH
o] Aiel] i3 W& A7 FY=o] 29,
Fennema®} Kamper®= A & & §Usl=5 1 d
Tt @i AgE 9l

Hydrocolloidg8-2 dutHog ci@fe] AsA
gl S 0]F9] AR EiRohs 7ks o]FE o
Ashe Z37} 2t dase gid. o@F el
2] B-1,4 glucan polymera! Al-8 292 (cellulose)= 3
= FERE e ARz Aol ARE AlE o]
£50] §hou0, AEA A 71 FHE 1R
Fo2 1 frede 749 A 22 Qe 9
F ¥4 Tl Fa, vle]2A MEZTE J2FH
(esterye T3} A8 484 UES YA oE®
methylcellulose (MC), hydroxypropylcellulose (HPC),
hydroxypropylmethylcellulose (HPMC), carboxymethyl-
cellulose (CMC) Fo] A|4-8Ee Mg2 7=
St

£ A7 E AEe e SANA 4 F
W3 PES YA 5 9o AlgWFgoe el A}



100 YA EAGA] A 31 A 1E (1999)

4531 9)& hydrocolloid¥E 3 MCs} =] o8&
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£ Q7o) AHE A4UES ARZA methyl-
cellulose (MC)E 20°C, 2% 8-l HE 15 cpal
Methocel A 15 LV Premium, hydroxypropyl methyl-
cellulose (HPMC-15)%= 20°C, 2% &Yl HE7}
15 cpol=} hydroxypropyl2] M.S. (molar substitution)
7} 0.2~0.313] Methocel E 15 LV Premium % The
Dow Chemical Co. (Midland, MI, U.S.A.)%] 71§ A&
sk}l & v} Hydroxypropylmethylcellulose (HPMC-
50 25°C, 2% -8-NolA 50 cpe] HEE ehle
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A% o AFA F24-E, $A5HE, &5 F4: ¥
29} M colorimeter (Minolta Chroma Meter CR-
200 Colorimeter, Minolta Co., Ltd., Osaka, Japan)& A}
g5t gAY $|o A BE ¥ L g(lightness),
a Zk(redness), b Zh(yellowness)yg 343t Yzl AE
£ AAslgdch old AR EEWARe] L g
97.75, a & -0.39, 71237 b 3H 0.880]%ic}.
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Table 1. Colar value, total luminous transmittance, diffuse laminous transmittance and haze of edible films

Clolor
Films" T? T Haze
L a b AE

HPMC-15 97.02"+0.43  -0.34°+0.05 3.00°+0.78 2.27°+0.83 91.10°10.68 3.33°'+0.97 3.55°+1.07
CaHPMC-15  9724°+0.39 -036"+0.02 2.53™+0.78 1.76"+0.77 91.67"+040 253'+0.64 2.70'+0.62
HPMC-50 9731'+0.46 -034%+036 206°+0.13 2.06°+0.13 89.43°+1.46 2.97°+0.65 3.23'+0.70
CaHPMC-50  97.57'+0.50 -0.28'+0.03 200°+0.13 200°+0.13 91.83%+0.69 220'+0.81 2.38'+0.90
MC 9701°4+0.60 -042°+007 3.01*+0.61 230°+0.70 92471015 2.83'1+057  3.03'+0.57
CaMC 97.23°+0.46 -036"+005 2.78%+047 3.04°+061 9210%+027 320'10.20 3.43'+0.25
F-value 6.00** 12.36** 4.69* 4,60** 6.54** 1.28 1.24

YHPMC-15: Hydroxypropylmethylcelltlose film, whose viscosity is 15 cp.
CaHPMC-15: Ca-added hydroxypropylmethylcellulose film, whose viscosity is 15 cp.
HPMC-50: Hydroxypropylmethylcellulose film, whose viscosity is 50 cp.
CaHPMC-50: Ca-added hydroxypropylmethylcellulose film, whose viscosity is 50 cp.

MC: Methylcellulose film, whose viscosity is 15 ¢p.

‘CaMC-15: Ca-added methylcellulose film, whose viscosity is 15 cp.

DT, is total luminous transmittance.
1 is diffuse luminous transmittance.

“Values are mean-standard deviation of 20 replications. Means not followed by the same letter in the same column differ

significantly (p<0.05).
**: significant at 0=0.05, ***: significant at a:=0.001.
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Table 2. Tenslle strength and elongation of edible flims

1 1) Tensile' strength .

Films (gdear’) Elongation (%)
HPMC-15 78.57+£9.32% 341311507
CaHPMC-15 126.76:+ 34.84" 38.14+4.12°
HPMC-50 135.72+14.85 53.86+4.63"
CaHPMC-50 201.21+2.28" 54.461+7.5T
MC 161.56+1.73" 48.71+197
CaMC 197.67+10.32 49.54+4.15
F-value 0.92 10.26%¢*

YSee Table 1, footnote 1.

DValues are meantstandard deviation of 20 replications.
Means not followed by the same letter in the same columns
have significant diffetences (p<0.05).

**: significant at a=0.05.

A s Fistgo HPMC-158§ 1t HPMC-
508-80] A ErL A e, FY AxdA e
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sict.
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Table 3. Solubility and water vapor transmission rate
of edible films

o . WVTR?
Films” Solubility (g’ day)
HPMC-15 84.45+2.62 89.143
CaHPMC-15 84.23£092" 90.600
HPMC-50 40.72+1.15° 129.000
CaHPMC-50 55.92+3.60° 133.100
MC 82.84+0.06* 89.467
CaMC 78.74+0.12" 89.270

USee Table 1, footnote 1.

kK is water vapor transmission rate.

Values are meanzstandard deviation of 6 replications.
Means not followed by the same letter in the same columns
have significant differences (p<0.05).

*: significant at o=0.1.

2 fdert wod Aol oj2lgo] sl AE
Eol] dAA 22 wEGcirt ANA oM o
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2 Baslged 42429 & 9§ 287
Ao F9& d= 90% ol3te] S =F Jelvigc).
=3 REY 435 HPMC-157} HPMC-50498 5
t} =2A Jehdcl. HPMC-5088-& 849 A7l 9)
3l S8 =rt fejHe 2 Folsigl o} HPMC-159
9 MCEE-L 24 Aol 28t 424 Aol &
vehg =] odsket 54U HES MCR-B5 HPMCHE &
< ¥ 2394 75 HPMCH Be) ¥& 48§
ehligl ot oA el Aol ellA] ¢kt H(p<0.05).
Z 52 PEGE #H71¥ MC (15 op)dE9] S4l=
17.49%, PEGE 3718t HPMC (100 cp)¢] £8l%
12.65¢} vl & o, ¥ A¥e] €L ¥ 495
& e ey A e F7lel W) st i
£ 7A%e 48k 2es § gAY A
2 Fol H4sisicil A B2 He F He &
e A Fell A4 rleAdol adka g

4§ F4Ee FY HEdAE HPMCe MCH
9 F450t vkl 29 Ariol W Jtke] ¢l
9.0y, HPMC-159-§<] HPMC-504-8: c} A A Je}
b B AlYe] A= Kamper$} Fennema®2] HPMC
Y59 EHEE 480 gim® dayhe Rancl UA
elytrl. Debeauforte}l Voilley®™2] 0.020-0.040 mm 5
A2l MCHES] F4E7} 463.19 gm’ daygivhe &
2.9} Martin-Polo £®2] 0.070 mm $7)¢] MC7|2¥
£ 545571 25471 gimt-dayRl= MO, 8ol
Song#} Kim®™2] 0.020 mm 5748 7} hydrocolloid
YEMCE ) FH4E7 1,635.74 gim*dayehe X
a4 vigle 3 F45E Jehiisic) whd, Kanig
2} Goodman®™$] ¢ A3} MCHE=] 0.0254 mm 5
A E 2457 1.12 gm’-day$].2n, 0.0127 mm
8] FAl|A £ 1.24 gm® day& P Svhe Bael
vElE ¥ F4=E Jehgid o2 Agng
29 F Wl x T4, 24 9 Az o2l 54
9] Aelrt A vehbe A& & 4 Usidh

AARUT W ASFIAHRR

L5 ALFIE W AT HA S 9§ AT
%= Table 49} o] HPMC-15%-§-& 9,640 cm’/m’
24 hr-atm, HPMC-508 8-& 4,210 cm’/m®-24 hr-atm,
MCH¥E 2,619 cm’/m* 24 hr-atm 2 t}eh} HPMC
gEut MCEEo| Al R3%r} A vehigow
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HPMC-157} HPMC-S08 83t} A el wg)
e} Rriol sishel G AEr} H4QE G 4
slgich. Fellows®E 25°C, 45% RHl4] 0.025~0.200
mm 57 LDPEME9] 44% 37} 8,000 mL/m*24
hro]=], 25°C, 45% RHelA 0.020~0.030 mm 579
oriented polypropylene (OPP: o]&d4Al& e} =2 gH)
Y89 AA BEE 1,600~2,000 mLim* 24 hr2 B
I3, & Ao CaMCEE-& 1,942 cm’/m® 24
hr-atm®] ALAREE vehye], OPPEE I} )&t
A2 RREE et =3¢ CaHPMC-50, MC,
CaMCH¥ §-& LDPEEE ) Y A4 R0 § e
el AfE7] 418 AlEole] A o] rlsd Ao
»alr},

¥ E9 ArF3Al9 Table 49] 7)ol 2} 3ho)
MCHE§o] HPMCEERT] & Al RA 4B o}
shliglon, B Hrle o3l fefyom 4x
SHAeE 32 5 sk ol MCe2} HPMCsl
2.4% (dry basis, w/w)e] Zg Hr}e} 712 <lslo
F4 el MCe} HPMCol| A8l a=-g Hoisie] g}
MC % HPMCs}e] Agte 2 9§ Agteo) 738y
22 FtAadpilel § AARSINE FaAg] AHes
ALz},

ol E N OlAabE A RBEN 4

MBS ANTLY AT Table 55} Zr}h HIMC-
159} MCREE-2 ol 4 a3 sl &40] &)
St ey g Al ojsie ojAlsigA R
B} 32 5 glgivh. =3 HPMCHES vizfiud
HPMC-15¥ 8°] HPMC-508 &N} olildteti g}
Aol & g & 4 Usich. Fellows™= 25°C, 0%
RHel4] 0.020~0.030 mm 57 OPPE&9] olildiet
2FHE 3,250 mL/m*24 hrReHe B8 olaldels
=3 g Jehliglond, 25°C, 45% RHo)A 0.025~
0200 mm 7] LDPE¥E2] olAdgsrfdrs
40,000 mL/m’-24 hr2 ¥ A¥ 2} CaHPMC-50 ¥-835}
H]s=3HA Jehd Ao Hel B Al ALY UE
< LDPER & A 59| o)isistr g S S ¢ &
pibel=

Table 50j|4 BRo] ojilsigt AT CaHPMC-
50, CaHPMC-15, HPMC-50, CaMC R&<] ¢4 2 &
A el} g Hrlol 28t oAl AF A )
ZFasige. 2ng E AYds gee ¥ 9
-8B sl odte] AbA9) F Alo]9) Y
o] Byl At ZAgsbAY MCAHr] -39
micellecl] o] 2-8-3lod AUg 2L YA A

TabIeS.Carbondioxﬂe!asmmmhshnmteandmrbondhxidepemeabiﬂtyotedibhﬂhm

o) . CO, -GTR? CO.P P ratio
Films Thickness (mm) (cc/m® 24 hr-atm) (cm/om® - cmHg) X 107 (C0/0))
CaHPMC -15 0.1024-0.003 54,300 9,113.62 5.77
HPMC-50 0.087-+0.002 54,400 8,306.44 2.84
CaHPMC-50 0.052+0.003 45,600 3,333.54 495
CaMC 0.088+0.002 55,400 744.61 2.99

See Table 1, footnote 1.
200,GTR is carbon dioxide gas transmission rate.
ACO,P is carbon dioxide permeability.
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Fig. 1.
MC, and
22 Am¥ct w3 olASIR A9} AbA FabA 2
BlE 2.84~5.778, Park®2] 3ol MCHEE 316,
HPCHE 406, A& Hrbstd Ax¥ HPChipid
(Myvacet 700™y8§ 23.7¢]] v]3}e] A vehgdet.

FANA SO0 AE

674 €8 =% 10,0000 A 0025 mnAE F
Ao Y§L LY ¥ v ol Z2e] AEL] FAo|
vehdA] efsteh. o) Vojdanis} Tomes™e] 72w}
MCE &5 HPMCHE-& ¥90] $HAE 23 F43]
o] 10,0000] B3ls3-& o) E2] &4o] gk B
e} dxsigdct. 28 98 FAE 0050 mm=
SqA Azste] B3l A% Fig 1 oA BRo)
4 Fdo kel 24 ¥t A= o=
Donhowe?} Fennema™®?} 0.051 mm 57 ECHE- 4
25 Ft A2 ippleyd FAsIche Bt 2
o] 432l Az} o] WEe| 249} Wi polymerrt
ole] Szt A|7ke] ol R Qldle] EAFHsL HA
5 Ao Halrl wg HPMCHEH o MCEEo]
EAEE7} o g9ton], HPMCHE-L 249 Aol
23} zolE viehR| ikt MCHES Z4S A
7%t dge] wHie] v wA s veht Aol Aot
7} BEe YA & T AR eyt

2 %

Methyloellulose (MC), hydroxypropylmethylcellulose-15

£: CaMC. Micrographs were taken at 450 angle to the film surface.

(HPMC-15)9} hydroxypropyl-methylcellulose-50 (HPMC-
500483 oldl Fe-g /R ALEEE Axdo
o|33tH BAE vlE A7) Axd ¥ 2
= 238~3559] S =& viehiin, Wale] 2oy Y&
2 yAsYY. QA EE MCHE) HPMCHENR
t} Egkon, o] Aol sl Frleidn, Al
£& HPMC-15%} o]l 248 A7 YETTH /9
Aoz it L35 HPMCS] HEe] Z7ief ut
g} 7tastelen, MCE &3 HPMC-159-& Alelddle
frolHal atolE ez gk Ao Azt 9
sto] o3&k Vel sk BEArlel] 2jsle &
F5E Sl Aol & vehliA] sted, MCEE
o] HPMC-50 2§18} Ysts, HPMCEES A=
Z7tel @l Folelgcl 7kagREeys MCEEC)
HPMCHE &R} Agled, 2 A71g o|4k3igliel}
Aol FAASY vrt GA A=t FARRR
Aoz Ay HAY A3 gu-g AU MCYE
Bo| t¢ FYE FAYAAE Jede ¢ 4 et
o|2e] A#EA HPMCS} MCEE2 Cad A7t &
oz Azupde] Aol gdov AR ET} St
&3 U ®THHAE Yehe] HPMCe} MCEE
Bl WAde] ol 9ES A2y 4 it
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