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Abstract: Composite films of zinc calcium alginate were prepared by a film maker from 7 wt% sodium alginate solution
and then they solidified into 3, 5 wt% content ZnCl,, CaCl, solution followed by washing and drying at room tem-
perature. The characteristics were measured with several methods (antimicrobial activity, water solubility, swelling ratio
and viscosity, SEM, EDS) and the film properties were investigated. Composite films of zinc calcium alginate showed
an increase in the water resistance by increasing ZnCl, and CaCl, content and the antimicrobial test showed that the cal-
cium alginate as well as zinc alginate films result in excellent antimicrobial activity in the two strains, Staphylococcus
and Escherichia coli. The results show the possible improvement of the physical properties of composite films.
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Figure 1. Chemical structures of alginate: (a) M block structure; (b)
G block structure; (¢c) M/G block structure.
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Figure 2. Preparation process of zinc calcium alginate films.
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Table 1. Sodium Alginate Concentration for Film-making

Sample M, concesnlt\ration Coagulation

ZA3 ZnCl, 3 wt%

ZAS ZnCl, 5 wt%

CA3 CaCl, 3 wt%

CAS 72000 7 wt% CaCl, 5 wt%

ZCA3 ZnCl, 3 wt%, CaCl, 3 wt%
ZCA5 ZnCl, 5 wt%, CaCl, 5 wt%
Z3C5A ZnCl, 3 wt%, CaCl, 5 wt%

“80~120 cP(M,,=72000).
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Figure 3. Viscosity of sodium alginate solution.



Zinc Calcium Alginate Z&2| =Z0| ME S54.
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st ZF AlR9] /A4 A1E A= Figures 4, 5, Table 2
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4, 5914 #50 ZAafTE & AN AR et
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Figure 4. Antimicrobial test of ZA3 and CA3 of Staphylococcus aureus(ATCC 6538): (a) blank; (b) ZA3; (c) CA3.

(@)
Figure 5. Antimicrobial test of ZA3 and CA3 of Escherichia colil ATCC 8739): (a) blank; (b) ZA3; (c) CA3.

Table 2. Antimicrobial Test of ZA3 and CA3

i)
o

o Az B Py 583

o= ddadr } So™ 3wt%2] zinc alginate, calcium
alginate 5 BT AL A7t 45logE FHtaH7F
STt HEg HW&OME 2447k ol HFEIE-L 63x10°
o2 #7t 57}5} W 3 wi%2] zine alginate, calcium
alginate 259 ¥4+ 0.63 v|THe 2 714810, St
42171 6.0 log= i—-—”-?ﬁi‘:‘r At It ekl 3‘
TR 7} 3.0 log ool Ald7go] 99.9%0]H F &
FolA 3 wit%2] zinc alginate, calcium alginate 25| &
47} 3.0 log OPIOIEE 99.9% FHEL THE AL ©
T AUAT. ZnCl, CaCl, 8&HE sste] 3T FEolA

ek AtEo] YR Ao ' wFo] Bot ZnCl, CaCl, A
2 & o 2H alginate ZEol &erido] FoI=H, T3 zine
calcium alginate <=

Helg= ] Bl 5

= 5=

b g A} FojEn

©

©

Strains Blank ZA3 CA3
Initial microbial content 1.1x10* 1.1x10* 1.1x10*
Staphylococcus aureus "
ATCC 6538 24 h 1.9x10 <0.63 <0.63
Antibacterial activity - 45 4.5
Initial microbial content 1.1x10* 1.1x10* 1.1x10*
Escherichia coli s
ATCC 8739 24 h 6.3x10 <0.63 <0.63
Antibacterial activity - 6.0 6.0
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Tl ¥ WRE. I5° &fol g A A
A3 ZnCl,, CaCl, &4 A3t ¥HE zine calcium
alginate} zinc alginate, calcium alginate =52 4~8-3] =<}
W EE A3 A= Table 3, Table 49} o} FE ==
7ZnCl,, CaCl, =7} Z718rE 744352, 5 wt% zinc
alginate®l] 5 wt% CaCl, IA|3t HEo] 837} 7P e
S ¢ F AAY 222 3wt% zinc 5wt% calcium
alginate, 3wt% zinc 3 wt% calcium alginate, 5wt%
calcium alginate, 5wt% zinc alginate, 3 wt% calcium
alginate, 3 wt% zinc alginate & TO2 FTE =7} kS
), 5 71X1¢] ZnCl,, CaCl, 02 X2]519S o 52
FHEO o] &3lxa ol s A TR & 5 AT

zlgdo] 7t o] 247191 7FEEA7|(-COOH)E FH &
Ao E= AR Wl & E2P7} ZFste] 52404388 &
a7 golalnz BEASLS UoFIth Table 4= 3, 5wt%
ZnCl,, CaCl, &) 2JA7] 5= zinc calcium alginates}
zinc alginate, calcium alginate 252 A7kl W 77
Sl 9t WEE A3E AT 2 BEES ATk
Aol wet WEE7F 254 SRS Btk Al d F
Lo mE FF F&e =S FAlsIT &, 5wt% zinc
5wt% calcium alginate®] %-F%= gto] 7P Wekom 3 wit%
zinc 5 wt% calcium alginate®] &=} B3 2hS BN
U592+ 3wt% zinc 3wt% calcium alginate, 5 wi%
calcium alginate, 5wt% zinc alginate, 3 wt% calcium
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Table 3. Water Solubility of Alginate Films by CaCl,, ZnCl,

Concentration Water solubility (%)

7A3 67.6£5.2
7A5 44.5+8.5
CA3 48.3+11.6
CAS 32.0£9.7
ZCA3 22.3£3.1
ZCAS 14.8+£5.9
7Z3C5A 17.4+0.85
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AR OH, o= Ca, Zn o]0l ot A7I4F EAF e 7k A
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52 YA B vief o] thd #de x9S A
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calcium alginate EHTF 323kA| 9] FE&} EAtgo] F7fet
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Table 4. Change in Swelling Degree of Alginate Films by CaCl, and ZnCl,

Time Swelling degree

(min) ZA3 ZA5 CA3 CAS ZCA3 ZCAS5 7Z3C5A
5 72.3+4.6 60.0£0.5 69.7+5.2 48.1+13.2 39.5+0.7 30.1£1.3 31.940.9
10 77.649.7 67.3+6.5 73.243.8 48.9+5.6 43.2+1.9 31.5+2.8 33.4+1.8
20 82.247.3 77.5£1.7 74.6+2.8 55.6+5.9 46.1+4.4 31.6+1.9 35.746.5
30 86.5+1.7 80.1+1.9 81.6+5.5 59.4+12.4 47.6£2.3 36.4+8.1 39.6+1.9
40 90.18.1 81.2+11.0 83.2+4.0 62.0+8.1 53.2+6.5 39.7+4.2 42.0+5.5
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Figure 6. SEM photographs of zinc alginate films, calcium alginate
films and zinc calcium alginate films: (a) ZA3; (b) ZAS; (c) CA3;
(d) CAS; (e) ZCA3; (f) ZCAS; (g) Z3CAS.

5 wt% zinc 5 wt% calcium alginate 25> w3k FHS &
Zsiart.
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Figure 7. SEM photographs of cross-sections of zinc alginate films,
calcium alginate films and zinc calcium alginate films: (a) ZA3; (b)
ZAS; (c) CA3; (d) CAS; (e) ZCA3; (f) ZCAS; (g) Z3CAS.
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Figure 8. Zinc and calcium weight contents of zinc calcium alginate
films.
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Figure 9. SEM image and EDS spectra of (a) ZCA3; (b) ZCAS; (c)
Z3CAS.

Table 5. EDS Values of (a) ZCA3, (b) ZCAS, (c) Z3CAS
(@)

Element wt% at%
OK 43.40 71.34
CIK 11.78 8.91
CaK 17.49 9.56
Zn K 27.33 10.19

(b)

Element wt% at%
OK 32.19 58.61
CIK 13.13 14.01
CaK 23.92 15.31
Zn K 30.76 12.07

(©)

Element wt% at%
OK 37.08 58.17
CIK 16.35 11.18
CaK 20s.82 13.10
Zn K 25.75 17.55

The value of O containing H,0O is high.

Zan, #4384 A|55, 20143
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