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SUMMARY

I. Title
Development of Edible Propolis Complex Polymers Having
Controlled Release Function of Antimicrobial and Antioxidative

Activity for Food Packaging

II. Objective and Significance of Research

o Establishment of processing technology of edible propolis
complex polymers having controlled release of antimicrobial
and antioxidative activity

o Preparation of functional edible films incorporated with propolis
complex and its application as a food packaging material for
controlled release function of antioxidative activity

o Utilization of the edible film having controlled release function
and development of processing technology for commercial

production

III. Scope
o Phase 1. Extraction and characterization of propolis, and
development of edible polymer composites

- Preparation of propolis extracts with different solvents
- Preparation of edible propolis complex polymer composites
with cellulose, protein or starch
- Characterization of antimicrobial and antioxidant activity for
propolis and its polymer composites with cellulose, protein or

starch



- Characterization of water vapor transmission rate and thermal
transfer for the propolis polymer composites
o Phase II: Characterization and application of edible films from
propolis and other biopolymers
- Preparation of edible films from propolis and other biopolymers
(cellulose, protein, and starch) by using incorporation technique
- Characterization of edible films depending on the dimension

- Application of edible films in food package

— Characterization of controlled release of the edible films for

flavonoids
o Phase III : Development of application technology and quality
control technology of the developed edible films

- Application of the edible films for semi-solid and liquid food

- Establishment of effectiveness of edible films in model system
of food distribution

- Standardization of the edible films and commercialization of

production process for the edible films

IV. Results and Recommendation

o Total flavonoid content of propolis extracts increased
proportionally as propolis content in the 70%(v/v) water
saturated ethyl alcohol increased from 2 to 149%.

o The antimicrobial activity of propolis extracts was different
depending on ethyl alcohol concentration and the highest when
70%(v/v) water saturated ethyl alcohol was used. The
antimicrobial activity of propolis extracts using over 40%(v/v)

water saturated ethyl alcohol was the higher in order for



Saccharomyces cerevisiae, FEscherichia coli, Lactobacillus
plantarum.

The antimicrobial activity for Saccharomyces cerevisiae,
Escherichia coli, Lactobacillus plantarum increased as the content
of propolis in the water saturated ethyl alcohol increased from 2
to 14%.

The peroxide value of soybean oil, used as control, was 61.5
meq/kg, the value for induction period, after 5 weeks storage;
however, the addition of propolis extract increased the induction
period to 15 weeks. This result may indicate that propolis
extract increases the effect of antioxidative activity to 2~3
times.

The effect of relative humidity on the water transmission rate
and permeability of the edible film from propolis—cellulose
polymers was as follows: 83% > 75% > 33% > 53%. The water
transmission rate and permeability of all edible films studied
were maintained constantly after 2 days storage.

The storage modulus of the edible film from propolis—cellulose
polymers decreased fast until 45C and then, decreased slowly in
DMA test. Its modulus was a little higher than that of cellulose
edible film as a control. The change of modulus depending on
relative humidity and storage period was different among edible
films tested; however, the hardness and extension of
propolis—cellulose edible film were not different from those of
the control.

The water transmission rate and permeability of cellulose and

propolis—cellulose edible films decreased as their thickness



increased from 0.06 to 0.163 mm. The water transmission rate of
starch and propolis-starch edible films was much higher than
that of propolis—cellulose edible film.

In the application test of propolis—cellulose edible film for fresh
noodle package, the addition of propolis inhibited the growth of
microbial and E. coli during storage. When cellulose edible film
as a control was used for the fresh noodle package, total
microbial was 1.1x10° CFU/g, which is over safety standard,
after 4 weeks storage at 10C, while it was 7.7x10" CFU/g
when propolis—cellulose edible film was used.

The release rates of caffeic acid, 1-coumaric acid, and quercetin,
which are major components of flavonoid, were measured at 25C
and different relative humidities (33, 58, 75, and 83%) for
different storage periods. Caffeic acid and 1-coumaric acid were
released fast until 6 days storage, while quercetin was released
slowly. And the release rate of each flavonoid
component increased until 6 weeks storage with the increase of
relative humidity.

The release rate constant of caffeic acid, l-coumaric acid, and
quercetin was the higher at the higher relative humidity. The
half period of caffeic acid, l-coumaric acid, and quercetin were
17~18, 24~29, and 40~734 days, respectively.

Total flavonoid retention of propolis—gelatine edible films with
0.035, 0.07, and 0.105% propolis addition was 5~10, 40~60, and
60~70% at storage temperatures of 0 and 10C, respectively.
The release rate of flavonoid was a little higher at 25C than at

0 and 10C. These results explained that transfer and diffusion

,10,



rates of flavonoid of edible films increase with the
increase of storage temperature.

When propolis—gelatin edible film was used as packaging
material for gel products, total flavonoid retention was 57~62%
until 5 weeks, and product quality was stable by prevention of
moisture loss and maintenance of gel hardness. Propolis-gelatin
edible film appears to be applicable as a good packaging material
for gel ©products to maintain product quality during
distribution period.

In the application test of propolis—gelatin edible film for DHA
packaging soft capsule, the peroxide value of DHA increased
suddenly to 50 meq/kg after 20 days storage and then, increased
continuously until 90 days storage when gelatin edible film as a
control was used. However, the peroxide value decreased as the
addition of propolis increased from 028 to 0.84% and was
generally 30~70 meg/kg after 90 days storage when

propolis—gelatin was used.
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eV, resolution< 1000, mass rangei= 30~300 m/eZ 3stg o™ L ¥re] A
< VIR FYE AT GC FANHI U3 2o AAEAH. GC
°f AE712 A& FIDolA @l chromatogram® MSDeA 1ozl
total ion chromatogram(TIC)S 3% H|usl7] 93 X F index BEEA &
257F 62 hexane®. 25 332 tri-tricontane”}A] 2] n-alkane E3H&S Ab
Sttt WA n-alkanes GCol FYotAS Wl oA = chromatogram o =
H8 Zb7he] n-alkaneol Wi¥ WFF AIZbE ekl ol A13HE n-alkanef]
B x 10002 A&t o AlRolA Aoz} R wFFE AIZE
n-alkane®] AlZtdjol whe} 12} $F4==2 th9)3}9] linear relative index(LRI)
Tk (21). 3H, FU3 n-alkane EFAS GC/MSDo| FYsta
TICZHH dojAe mEE AIS dA% FdaA g4 x 100e=2 tA
stal A5 o] TICAA @zl 2k &4 w5 Agtel digk LRIE 73 U+
o]Z GCY FIDo| 93t chromatograms 2z A& LRI$ Hlwsle] GCe
chromatogramell &9 2z} A &9 peaket GC/MSDe TICo et zZF A
9] peaks glat ot

y

o
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RitC— RIN
R{(N+1)— RN

RtN: retention time of the n-alkane eluting before the component

LRI = [ +N ] x 100 1

Rt(N+1): retention time of the n-alkane eluting after the component
RtC: retention time of the component

N: carbon number of n-alkane eluting before the component
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ki
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=
gl
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i
s
o
[
e

Nt

==9 Alx= 10, 20, 30, 40,
50, 60 2 70% (v/v)e] €&zl &4 250mlol 12%(w/v)el d|Fsl= =

6 2 o] whate] AR o9
0 ZaZese g@d 2B 70% (vy) ELme §o 250mlel 4, 6,
8 Ae

oA 6413 &<k A

TREZYr FEEY FTHE paper discHoZ HATAT EE agar

A L5 =3 F 37T
818t T}, Escherichia coli KFRI 25922),
Saccharomyces cerevisiae(KFRI 268)

=
o] A gy w#AES AT F wrwE zkz 0.1mlY HEste] spreadingst



Ak 2 9ol D& oA (paper disc, P8mm, Toyo)S ¥ Img/ml & %2
T2 ZEx FEES S0uY STA7I 74 Te HA &4 229 incubator
ol A 24X 7F Wl %3 3 clear zoned A &S caliper® =74 v 3. dFE

T ZREIYE 2 B YA 70% ANELdaEs ARSIt

0% YLnER FEE Taos FEEE AR AFH 26%0/)
%‘7}_‘:5} ﬂﬂ%ﬂ' %]7]'75‘]—X] 96}% EH}_E_% 37°C 6(}’19:7101]/\1 187} Zﬁ%"é‘]—ﬂd}\i
ks 7H(Peroxide value) & 574 33t

8. Edible filme) A%

b B/ AR s AR

ety FFHFE E%ste] MClmethyl cellulose), HPMC(hydroxypropyl
methyl cellulose), Polyethylene glycol 4005 #7}éla EFES 65TE 71<E
sle] &3 A7) a1, 7]l stearic-palmitic acid blend(50:50)& F7}ste] €A
3] g3 A o] AL glass plated] Imm T2 Z®3I T 100C dry-oven

ol 15min &<t A=AA &S A=zssith

5/ 5 )

i)

L&A}

5 8mlell SPI 10gS §alAIZl & 75-80ClA] 152 &<t 7HEst

o|\ :_,
o

>

|
Imm FAZ Z¥Y3 & 60-70C dry-ovenol A]

ol
15min &t AZANA ES AxA

GP, propylene glycol, alginate emulsifier, glycerins % 7}sto] $+23] &3)

Atk ol RS glass plate

o Ea/dE st
=
[}

4 75mloll starch 8g& &3AIZ1 & 100CoNA 15% =

2
%
o
5

propylene glycol, alginate emulsifier, glycerint% H7teto] g3l g Al AT
o] AL glass plated] 1.5mm FARE FW3I T 60-70C dry-ovenol Al 15min
Ed AXAA ES AxZSAT

,26,



%E’_/“%ig_i edible filmS A|xste] Ax¥ CaCly 20g°] £ A= 4
74 47cm? glass cup 915 YL paraffin wax® UHA] sealingsho] Ao A+
5% 33 58, 75 2 83%lA 2547 AFsHEA cupd FA SUHE
of Altatant 71714 W2 F5= F5471(MOCON W1-A, MOCON, MN,
USA)E AFg3te] filme &S Scr 27| 2 aluminium foil guardel 23}
a1 378T, AUlExE 100%9] =3t =433

10. DMA(Dynamic mechanical analysis)

Edible film¢] A9 Z¢]: 10.0mm, %: 50mm, F7: 0.047mm= 3}o] 4%
ol xsgdor AUFE=(MgCl((RH 33%) NaBr(RH 58%), NaCl(RH
75%),KCI(RH 83%))7} X%+ chamberol A 25C<] o2 3043 A%
3l & DMA(Dynamic Mechanical Analysis, Perkin Elmer, USA)E ©]&3}¢
tE =7k 25-120C, 7FE2%4 % 5C/min, Static force: 120 mN,
Dynamic force: 100mN, Frequency: 1Hz¢] ZZAcA =4 &9t}

11. 519 Flavonoids-"% wEEs

Edible film& 4 E(MgCl(RH 33%) NaBr(RH 58%), NaCl(RH 75%),
KCI(RH 83%)& < 3}04 3 2 AgsEA film 1 sheet(15x15cm) 7
of 10Wjel s IFst= 70% EtOHS ¥ 103 wytsle] 0450 filter2 o 3}
3} propolis €1 F%2] flavonoids A& 43 & #Hoz HPLCE =

okl WEHES Tkl

12. %1 edible film¢¥ BAHAFS JFTFEA

AE 2 AEZex Suid 1A films Alxzste] 25T, RH 83%<% =
Aol s AWAE 10g As X Pé}oa 0,5 10, 5C2 AF2EE 2
sto] 453 At FATS, WEdT, FATETE SAHSAT AWUAR
v "o Y31 0.85% Mg A d 90mlE 7Fshe]l Stomakerol A 60%3F &
Grba 5 whafels Ha Al S ARESET TS Plate Count
Agar HIXE o] &3 A, FATFTE Lactobacillus MRS Agar HIA| S AF&

Lil
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R om, thAT+-S Nutrient Agar HIXE o] &3le] A3t HF4E 3

5CAA 4827 WFd T AT Qe 48 AR gF #

Y
it
b
>
_C:L
52
i)

LR AZFE BF/AE edible film

7F. 2k A A edible film A ZF 2 =ZE

H

A& propylene glycol, glycerine, alginate® ZA % slurryE 1-4% &
2 A ZH edible film &R IFFHE 1027F FIA & ALA FHAZRE

=gk § OPP filmol #3ste] A% F2dWst S AR&stATth

. HAksHEE 54

Ads kel FbstEThe AOCSS WRjel okl FAAT 5, oFatol
el AS Soxhlet W o2 A8kl A 1~3gS 250ml AH2FEet 29
Y3l acetic acid —chloroform (3:2) & <45 30m¢ ¥ 2 4L % 1mle] KI&
HE Fa 187 il Bad vF SFF dmE 7hstal 0.0IN B Sk
YEHNazS:03) &4 oz AAsto] wmgbo] Abgpx]= AJfelA 1% &8
o ImE Wil vAl AAste] FEAC] AtgAE AlFE TEHOR St

A7t gl EA BAEE S HAsEAHE ANs .

AGF 2] A7b= Hautfenne 59 el olste] SAs AT =, kol

ShfE K|S Soxhlet WHOZ FA]8te] FX 1~3gS 250ml AZE =0
33l ether-ethanol &39f(1:1) 100m¢E 7}kl 1% phenolphthalein €9 2~3
g 7heth o] e JgE &3] 0IN-KOH &ojo=z #Asto] n]g o]
FAHE ARS THHoR Atk Alart fle A FAEE i A
7Fe ALkt

AF Feo] HAr= A EA(Compac-100, Sun Scientific Co., LTD)E o]
S|

== AAA(CR-200, Minolta Co., Tokyo,

X
Japan)& ol&ste] SAste]l L(B %), a(H %) 3 b(&A %) 3s A3l
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14, 31 A N EFL Bw/IWA edible film A 2 L8243
Al d} sorbitolS FUEE o Fuel H7ES @3 edible filme

Table 29} o] A Zxskth. WkaL = S AR

—_>f1—a
i
i)
1>
o
o
rlr

vt s 12 7t 2 2sAl & A4 Seme] 9 7]011 T 105C el A
3047 22} hdste] Wkska olw] ulE A edible filmo] ZYH F7
= "0 0, 10 B 25TColA AR7IT F2MsE SAHAT. S AE8S o)
T Tt eolE AR WEEAEL AT wE FEdrieol=e] o
MBS Zgeke] LA]s ok

15. B u/94W A soft edible film A ZF ¥ 8243
Gelatin 43%, glycerine 14%, sorbitol 5% 2 4% 5%9] ZAEd 2w 3
ZE 08%E H71slo] soft edible filme A xste] AF o AL&3t% )

Table 2. Composition of gelatin based edible films

(%)
Sample Gelatin Sorbitol D.W. Propolis ext.
1 20 6 64 10
2 20 6 64 20
3 20 6 64 30
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=
Zol =AW 909, gstE 53, 2w A 07, 3% 0.2, 7 3.0% °lAh =
2Zyxe B71d g#%s B3 AzE Table 40 YERAC

|
K>Ca>Na>Mg>Fe =22 768, 389, 21.3, 12.8, 115 mg9 =S yelx
Rom, Ge, Cd, Pb, Se 5 A=HA FUrh o2 ZAode Z2EZYLE
SHele %3k dE = tablets, capsules, ampoules, syrup

5
REZAE YooM= vEFEALF K, Ca, Na, Mg 5o FAES AR B

o

2Pt ANsm Qo TEFelaFe FHE VFAL] PHYRLS 5T
oo ARE B#8F 5 AT Ao JuH
Table 3. Chemical composition of propolis
(%)
. Crude
Moisture . Crude fat Ash Carbohydrate
protein
3.0 0.7 90.9 0.2 5.3

Table 4. Mineral contents in propolisl)

Fe Mg Ca 7n K Na Ge Cd Pb Se

115 128 389 16 768 213 ND” ND ND ND

U Results expressed as mg/100g propolis
Y ND: Not detected
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o] E|AE EAAI}E Table 59 Fig. 19 YEeERNA=H], esteri
4-pentene-1-yl acetate, 3-methyl-2-buten-1-ol acetate % benzyl acetate,
alcoholf+ 2-methyl-3-buten-2-ol, 3-methyl-3-buten-1-ol, 2-methyl-2-

buten-1-ol, benzyl alcohol %  phenylethyl alcohol, aldehyde&+=
2-methyl-2-butenal, pentenal, % benzaldehyde, AFF+ acetic acid,
dimethyl-propanedioc acid, 2-methyl-hexanoic acid ¥ 2-methyl-2-butenoic
acid 5ol & VAL =242 A8 I, HEy zeEsde
Ao AR A"gEe] E]e] ol Fo] A7] wjZel B2 F7|dEe] F
4o FE&aA HH

HEd Zz2des 3Rl oA FE AR Aer Buva du
(24)

ol

X

ol2]g o]f-E acetone, furfural, benzaldehyde % o©|

K
il
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Fig. 1 GC chromatogram of propolis extract
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Table 5. Volatile compounds and their relative composition in propolis

No R.T.” Compounds Area(x10°) Area(%)
1 5.01 2-methyl-3-buten-2-ol 15191 11.47
2 6.10 2-methyl-2-butenal 5087 3.84
3 8.59 1,4-pentadien 371 0.28
4 8.86 1-limonene 466 0.35
5 9.61 1,8-cineole 1729 1.31
6 10.24 4-pentene-1-yl acetate 2969 2.24
7 11.05 pentenal 2582 1.95
8 12.53 styrene 895 0.68
9 12.75 3-methyl-2-buten-1-o0l acetate 2776 2.10
10 13.07 isoprene 1822 1.38
11 1612 3-methyl-3-buten-1-ol 11961 9.03
12 17.59 6-methyl-5-hepten-2-one 985 0.74
13 1873 4-methyl-1-pentanol 421 0.32
14 19.56 2-methyl-2-buten—1-ol 14073 10.63
15 19.90 1,2-pentadiene 9913 7.49
16 20.97 2-methoxy toluene 292 0.22
17 2451 cis—linalool 536 0.40
18 24.86 Trimethyl-keto-vinyltetrahydropyran 187 014
19 2565 bis(1-methylethyl) benzene 968 0.73
20 26.25 acetic acid 11584 875
21 27.80 2-ethyl-1-hexanol 152 0.11
22 2863 benzaldehyde 5879 4.44
23 29.08 B-caryophyllene 291 0.22
24 30.18 linalool 174 0.13
25 3131 propionic acid 1737 1.31
26 32.61 dimethyl-propanedioc acid 6698 5.06
27 33.09 B-cyclocitral 667 0.50
28  34.27 tetrahydro cycloprop(a)indene 794 0.60
29 3613 acetophenon 376 0.28
30 3631 butyric acid 665 0.50
31 37.09 a-selinene 124 0.09
32 3773 2-hydroxy-benzaldehyde 177 0.13
33 38.30 2-methyl-hexanoic acid 7490 5.66
34 3964 2-methyl-2-propenoic acid 380 0.29
35 40.78 benzyl acetate 4480 3.38
36 43.78 B-phenylethyl formate 327 0.25
37  44.36 cis—calamenene 136 0.10
38 4544 acetic acid, 2-phenylethyl ester 742 0.56
39 4757 4-phenyl-2-butanone 607 0.46
40 48.12 2-methyl-2-butenoic acid 4534 3.42
41 49.50 benzyl alcohol 7791 5.88
42 51.14 phenylethyl alcohol 3370 2.55

U R.T.: retention time (min)
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Table 6. Effect of concentration of ethyl alcohol on the extraction

yield of total flavonoids
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Ethyl alcohol
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flavonoids
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Total
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Table 7. Effect of the ratio of propolis to 70% ethyl alcohol on the

extraction yield of total flavonoids

Propolis (%) 6 3 10 12 14

Total flavonoids
(%)

FaA Edzee o wE IRZgs FHo] FFHS =4E 4
FZ Table 8ol YWEFWATL. Escherichia coli, Lactobacillus plantarum,
Saccharomyces cerevisiaed] W3te] &4 e LT 10%, 20%, 30% 5%
off ] &3 T2 E 1o IS Ay B Ay o] ol Ystol= A

‘JrE‘r‘JPq Fron, F84 AELdaEe F=7F 40% olFew Eof

m |
ox
o

2w
X
JFU
4J
i
oX,
o
o
>
ol
N
L
ol
rlr
Mo ox
ool
o
T
2
ui
3
S
BN
-1>
oo
o
2
iu}
ks

1o,
[l
frt
il
[~
o
el
2
flo
N
o
Hi

A

g
g 40% FEolBelA ZmEUE FENO o] Fie wE FEHS
Saccharomyces cerevisiae, Escherichia coli, Lactobacillus plantarum® <
2 =2 AEYgS BRI aga BE ol dlste] g adE 1Bl 40~70%

sE0) 584 LRTLAN FEF ZEYs 232 FRBYL O
T 70% APLRE wk WEHA B ANE wth web ZzEes

=  Escherichia coli, Lactobacillus plantarum, Saccharomyces
cerevisige® R ol tiste] dddAo] Frste AAE Bt TEEY
2 FEEO F%7F 6% B Escherichia colidll t)g &t g 37t o) 2ol
] sho] 2uf A =,

o= 10% % 497 2o =S 2 AyE Bilon, zrEere] HUbsE
12%9} 14%3kell it &g F 2ol & wolA Fkth(Table 9). ol#d =

Lactobacillus plantarum$t Saccharomyces cerevisiae®] W3}
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3 5 Sith ool AR ATAEL ZrEY s FEEHL oEF AFRE
& AT A AEag MR edoA® G g BHow

Table 8. Antimicrobial activities of propolis extracts prepared by

different concentration of ethyl alcohol (%, v/v) against various
microorganisms

(Unit : cm)

Control 10 20 30 40 50 60 70

E. coli 0.35 - 055 070 070 085

L. plantarum 0.40 - - - 040 070 080 0.8

S. cerevisiae 0.40 - 0.70 0.80 0.90 1.0

Table 9. Antimicrobial activities of propolis extracts prepared by

different concentration of propolis (%, w/v) against various
microoorganisms

(Unit : cm)
Control 2 4 6 8 10 12 14
E. coli 0.35 0.75 0.75 085 0.90 0.90 0.95 1.05
L. plantarum 0.40 0.45 0.65 065 0.70 0.80 0.90 0.95
S. cerevisiae 0.40 0.60 0.65 070  0.70 0.75 0.85 0.90
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Fig. 2 Changes in peroxide value of soybean oil at various
concentrations of propolis extract (PE) during storage at 37T
-l-; Soybean oil without PE, -€—-; PE 2%, -@-; PE 4%,
-*-; PE 6%, —1-; PE 8%, -A-; PE 10%, -O-; PE 12%,
-A-; PE 14%
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7}, FEF I S (Water Vapor Transmission Rate, WVTR)®} permeabhility
T/ AER L2 edible films AlF£3te] Ax¥ CaCl: 20g°] =91 = A4
47cm® glass cup$lES YL paraffin wax@ THA] sealingsto] 229 s
L= 33 58, 75 H 83%c°lA 259 7F AEHEA cupel FA FUHE A5k Al
Abskdth Fig. 33 4% B /AEZ Q2 edible film¥ ZT edible filmo)
WVTR} permeability®] ®3stE dolsx 33, 53, 75, 83%= &gt =70
A 3093 AAetAA FSAstel ek Zolt. agldA & 5 kel RH
83%o°l Al A A3e thZT edible film¥} Hu/AEZ QA edible filme] AY =
i RH 75%, 33%, 53%°] =22 WVTR¥ permeability7} =4 WERSTE 1
ga2 & RH Z=7el vla] RH 83%°lA A7&3g tix=+ edible filme] &1/
AZZ2 0~ filmHt AASHA L S Holx At} IH BE filme Al
Fol AFY 29 olF2= & Wslgle] dAT e FAStE AIFS HAuh
B/ AERQ 2~ edible filmo] WX edible filme] H]ste] e WVTRZ}
permeability S HolE AL Eurt 34t dE S vl o] g Ro]
AER 2o Aozkgste] FAE o oot FRolFo] W& W

S A g Aow o=g

o

. DMA &4

Fig. 5~72 Bu/AEZ 22~ edible film¥} hZET edible filmS RH 33%,
58%, 75% H 83%°] oA 28Uzt A7stHA DMA S4WstE vetd
ZAolt}. Storage modulust 45C7HA] F243] #A3t7 1 o] Fol= 7H¥
Adte AEE el e, Fu/AEZ 22 edible filme] AW o=z oF
¥S modulus #S Heo] Fa dth T3 RH7F =555 A&7|7k] o
edible filmz+e] modulus %t W37t ArjstAl - = At Loss modulus
AC7HA = S7Fett7 Hadke] 60TCol Aol & Wstrh gldth Xﬂ”
AF7b Z71E4E Loss modulusyE #AstE 43 Ao 7, 14,

214 A filmel X = & Aol7t gldoh A Aol wWE Storage

AN

modulus® ¥3}E= Loss modulus®et H]<=d Ao =m A/MEATCE tand= 5

Mo ooy >
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=
mTS
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o
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Fig. 3 Effect of relative humidity on the WVTR of edible films with
or without propolis during storage for 30 days at room temperature.

(a) + propolis and (b) - propolis
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Fig. 4 Effect of relative humidity on the permeability of edible films

with or without propolis during storage for 30 days at room
temperature. (c) - propolis and (d) + propolis
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Table 10. DMA characteristics of cellulose based edible films
incorporated with propolis during storage of 28 days

Storage Temperature@)

@ay) 40 60 80 100
0 329000 151000 118000 86000
195000 117000 92100 70000
m" dﬁes 14 152000 78800 63000 51200
*Pa) 21 159000 87700 70000 57400
28 166000 87300 69100 53800
0 45500 25900 23300 19600
37500 20900 18400 16000
Lossmodubis 27400 15400 13800 13000
kPa) 21 26100 16600 14100 13200
28 29400 17300 15700 13400
0 01382 01718 01981 02277
01924 01776 01998 02293
Tand 14 01807 04961 02200 02540
21 01648 01892 02009 02302
28 01782 01983 02279 02482
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Table 11. DMA characteristics of cellulose based edible films
without propolis during storage of 28 days

Storage Temperature@)

@ay) 40 60 80 100
0 252000 149000 125000 93500
202000 121000 97800 73500
1\7? drjci‘; 14 157000 105000 85600 66600
*Pa) 21 205000 104000 88000 68700
28 197000 105000 80800 63400
0 35300 24800 23100 19800
7 35600 20900 20500 16500
Lossmodubls 26800 19800 17100 15000
kPa) 21 29900 19800 16400 15300
28 32600 20900 17000 15400
0 01403 01674 0.1845 02115
7 01766 01724 02045 02239
Tand 14 01723 04896 01999 02258
21 01648 0.1892 02009 02302
28 01665 01996 02096 02429
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Polyethylene glycol 400 bg
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Table 13. Composition of starch based edible films

Starch 8g

D.W. 75ml
Glycerin 2g
Propylene glycol 400 2g
Alginic acid 4g
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(Starch based)

(Cellulose based)

Fig. 10 Starch and cellulose based edible films without propolis
(A) and with propolis(B)
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Table 14. Water vapor transmission rate(WVTR) for cellulose
and starch based edible films

Edible films Thickness (mm) WVTR (g/cnt/day)
CC1 0.063+0.0002 47.30
CcC2 0.102+0.0003 41.28
CC3 0.117+0.0004 22.28
CP1 0.092+0.0001 27.74
Cp2 0.101+0.0002 31.27
CP3 0.145+0.0005 13.45
SC1 0.083+0.0004 <1,200
SC2 0.117+0.0002 <1,200
SC3 0.163+0.0003 <1,200
SP1 0.081+0.0002 <1,200
SP2 0.114+0.0003 <1,200
SP3 0.188+0.0002 <1,200

CC: Cellulose based film without propolis

CP: Cellulose based film with propolis
SC: Starch based film without propolis
SP: Starch based film with propolis
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Table 15. Glass transition of cellulose based edible films

] i T1 T2 Peak T  Enthalpy Onset T
Edible films . 5 . .
(C) (C) () (J/g) (C)
With propolis
1st peak 454 69.76 58.78 67.26 53.13
2nd peak 7594 90.63 82.02 0.456 79.01
3rd peak 91.85 105.56 96.63 0.249 92.82

4th peak 162.62 186.76  172.62 1.415 167.62

Without propolis

1st peak 4711  71.93 99.26 76.94 53.99
Z2nd peak 78.88  91.57 87.74 0.253 85.51
3rd peak 94775  105.33 95.5 0.424 93.97

4th peak 16346 17748  168.93 0.381 166.53

T1= initial temperature (C)

T2: end temperature (C)

Peak T: peak temperature (C)
Onset T: onset temperature (C)
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Table 16. Changes in total microbial count of wet noodles packed in
cellulose based edible films during storage

Storage Microbial count
(CFU/g)
Temp Weeks Without propolis With propolis
(C) ™" E.coli T™ E.coli
0 1.9x10° 4.4x10 1.9x10° 4.4x10
1 1.5%10° 2.0x10° 3.1x10° 4.9x10
0 2 1.1x10* 9.2x10” 5.0x10° 55%10
3 12.9x10" 2.0x10° 2.0x10" 1.6x10°
4 1.0x10° 1.0x10° 3.0x10 1.0x10
0 1.9x10° 4.4x10 1.9x10° 4.4x10
1 5.5x10° 2.9x10° 2.8x10° 9.4x10
5 2 1.6x10° 1.9x10° 4.0x10° 2.0x10°
3 4.0x10° 1.5%10" 5.1x10° 2.5%x10°
4 35x10" 2.0x10° 1.0x10" 55%10
0 1.9x10° 4.4x10 1.9x10° 4.4x10
1 4.4x10° 4.0x10° 3.9x10° 2.0x10°
10 2 1.0x10° 3.6x10° 8.0x10° 9.1x10°
3 1.4x10" 1.2x10" 4.0x10° 5.8x10°
4 1.1x10° 1.2x10° 7.7x10" 3.4x10"
0 1.9x10° 4.4x10 1.9x10° 4.4x10
1 1.8x10° 1.0x10° 9.0x10” 5.0x10
15 2 — — —
3 1.1x10° 9.3x10° 6.9x10° 3.4x10°
4 — J— J— J—

Y Total microbial count

- Not determined
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Table 17. Compostion of edible film slurry made from potato starch
gelatinized, plasticizers and propolis extract

Distilled
Water
(ml)

Composition Propylene | Propolis

Starch
(g)

Alginic acid
(2)

Glycerin

glycol
(g)

(g)
0.4

extract

Edible fil (ml)

1 1.6 160 0.2 0.2 16

3.2 160 0.4 0.4 0.8 16

4.8 160 0.6 0.6 1.2 16

6.4 160 0.8 0.8 1.6 16

1.6 160 16

3.2 160 16

4.8 160 16

6.4 160 16
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Table 18. Release rate constant and half life of caffeic acid from
cellulose based edible films depend on the relative humidity

Relative humidity (%)

35 58 75 83
R’ 0.929 0.818 0.588 0.727
R? (first order) 0.972 0.875 0.719 0.841
Slope -0.039 -0.041 -0.038 -0.040
First order constant 0.039 0.041 0.038 0.040
Half life (day) 17.896 16.710 18.173 17.465

Table 19. Release rate constant and half life of 1-coumaric acid from
cellulose based edible films depend on the relative humidity

Relative humidity (%)

35 58 75 83
R’ 0.801 0.736 0.613 0.592
R” (first order) 0.836 0.788 0.697 0.679
Slope -0.024 -0.027 -0.029 -0.027
First order constant 0.024 0.027 0.029 0.027
Half life (day) 29.132 25.676 24.005 26.098




Table 20. Release rate constant and half life of quercetin from

cellulose based edible films depend on the relative humidity

Relative humidity (%)

35 58 75 83
R’ 0.498 0.892 0.857 0.914
R’ (first order) 0.498 0.856 0.839 0.923
Slope -0.001 -0.017 -0.007 -0.015
First order constant 0.001 0.017 0.007 0.015
Half life (day) 734.755 39.888 99.709 45147
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Fig. 22 Release rate of total flavonoids from gelatin based edible
films depend on the amount of propolis extract (PE) during storage
at 0C. A, PE 0.035%, B; PE 0.07%, C; PE 0.105%
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Fig. 23 Release rate of total flavonoids from gelatin based edible

films as a function of storage day at 10C. A; PE 0.035%, B; PE
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Table 21. Release rate constant and half life of total flavonoids
from gelatin based edible films depend on the relative humidity
and the amount of propolis extract (PE)

Storage PE (%)

temp(C) 0.035 0.07 0.105
0 0.446 0.479 0.450
R 10 0.519 0.473 0.468
25 0.470 0.506 0.534
R? 0 0.546 0.506 0.456
) 10 0.691 0.485 0.473

(first order)
25 0.528 0.529 0.554
0 -0.165 -0.044 -0.023
Slope 10 -0.168 -0.030 -0.020
25 -0.089 -0.029 -0.021
0 0.165 0.044 0.023

First order
constant 10 0.168 0.030 0.020
25 0.089 0.029 0.021
) 0 4.197 15.604 29.894

Half life
10 4.119 22.873 34912
(day)

25 7.783 24.070 33.256
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Table 22. Tensile properties of selected protein films compared
to polysaccharide and synthetic polymer films

Tensile

. - Elongation™
Film strength

(Mba) %)
Co:Ce:Gly=3.4:0.81 3-11 25-50
SC:Gly=2:1 3 30
CC:Gly=2:1 4 1
WPLGly=2.3:1 14 31
WPIL:Sor=1.2:1 2-3 28-53
WPC:Gly=2:1 3 21
EWP:Gly=3.3:1 4 12
EWP:PEG=1.7:1 3 38
SPL.Gly=4:1 13 17
CZ'PEG=2.33'1 6 44
WG:Gly=2.7:1 2-4 170-208
Cellophane b55-124 16-60
Methyl cellulose 62 10
HPMC 69 10
Amylose 70 23
LDPE 9-17 500
HDPE 17-35 300
PP 42 300
OPP 165 50-75
Polyester 175 70-100
Polystyrene 35-55 1

“Co=collagen; Ce=cellulose; Gly=glycerol; SC=sodium caseinate; CC=calcium
caseinate; WPI=whey protein isolate; Sor=sorbitol; WPC=whey protein
concentrate;, EWP=egg white protein; PEG=polyethylene glycol; SPI=soy
protein isolate; CZ=corn zein; WG=wheat gluten;, HPMC=hydroxy propyl
methylcellulose;  LDPE=low-density  polyethylene;, HDPE=high-density
polyethylene; PP=polypropylene; OPP=oriented polypropylene.

™ Test conditions: ~25, 50% RH
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Table 23. Effect of plasticizer type and amount on properties

of selected protein films

WVP? op?

, 7Y EMY EY

Film Treatment :,2 -.rcrllr'nipa) (Cfn; g/sz (MPa) (MPa) (%)
WPILGly=2.3:1 Gly plasticizer 76 14 490 31
WPILGly=5.7:1 Gly plasticizer 19 29 1100 4
WPIL:Sor=2.3:1 Sor plasticizer 43 14 1040 2
EWP:Gly=3.3:1 Gly plasticizer 211 4 12
EWP:Gly=2:1 Gly plasticizer 256 1 32
EWP:PEG=2:1 PEG plasticizer 149 4 60
EWP:Sor=2:1 Sor plasticizer 118 4 15
SCIGly* Gly plasticizer 4.3 5 81
SC:PEG' PEG plasticizer 86 12 41

1)WPI=whey protein isolate; EWP=egg white protein; SC=sodium caseinate;
Gly=glycerol; Sor=sorbitol, PEG=polyethylene glycol.

Y WVP=water vapor permeability. Test condition: 25C, 50%/70-80% RH
(film top/bottom).

» OP=oxygen permeability. Test condition: 23C, 50% RH.

Y TS=tensile strength; EM=elastic modulus; E=elongation. Test condition:
~23T,50% RH.

¥ Same moles plasticizer oxygen atoms/moles SC.
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ESIA 9 X34 150,000
A3 A 330,000 ¥
TE 7AAY] 120 1,200 ¢ 144,000 ¥
FoiAA A 1204 1,200 ¢ 144,000 A ¢
A7 A A ] 24033 22,000 M
AR A A4 70,000 2§
71 A A oB] oA 450,000 ¢
A A} 31 20,000 <
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film laminator 70,000 1
W z}Ad v 20,000 %€
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¥ 25. 35§ edible filme &37F T4

(& 42D

3 = B T
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A% 900,000 40.00
HPMC 350,000 70.00
e 300,000 60.00
AHAE Lagpe 270,000 54.00
Glycerol 980,000 56.00
PEG 170,000 34.00
A 3,120,000 624.00
PP flm 200,000 40.00
PE film 950,000 50.00
4 7 o] & 300,000 60.00
FRAET yxg 2 400,000 80.00
9] & 432} 200,000 40.00
Al 156,000,000 270.00
e 31,070,833 132
A3 15,534,971 216
B 7144 93,302,905 3.24
o] e 94,857,029 3.45
7]} 37,643,154 523
Al 132,408 896 18.39
5] A 9,679,668 1.34
Z 2 vl 9,330,241 1.37
g ghodu) 4317273 0.60
72737t 43,760,918 6.08
P ! 3,191,028 0.44
AFAA = 8.728.400 121
Az7y iz 1,126.245 0.16
S 6,663,617 0.93
2] F7FH] 6,351,325 0.95
S vkahod 1 phu) 13,890,357 1.93
o1 7] uk] 563,123 0.08
7€} 7 v 33,599,646 467
A 142,201,839 1975

A = 4 ot 1.837.730.735 367546.15
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