
CHAPTER IV
EXPERIMENTAL

4 .1  M a t e r i a l s

4.1.1 Microbial Strains
T he A. xylinum  strain A G R 60 w as isolated from  N at a  de coco. T he stock 

cultu re w as k ind ly  supplied by Pram ote Tham m arad, the  Institu te  o f  R esearch and 

D evelopm ent o f  Food Product, K asetsart U niversity, B angkok, T hailand.

4.1.2 Chemicals

T he deta ils o f  chem icals used in th is experim ent are show n in T able 4.1 

Table 4.1 The chem icals used in th is experim ent

C hem ical Supplier

Sucrose A jax  F inechem

A m m onium  sulfate C arlo  E rba

Sodium  hydroxides C arlo  E rba

A cetic  acid B D H

G elatin  type A  (B loom  300) Sigm a C hem ical

T ann ic  acid F luka
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4.1.3 Equipments.
-Scanning electron m icroscopy, SEM  (JO EL JSM -5410L V , T okyo, Japan)

-Fourier T ransform  Infrared (FT-IR) spectrom eter (Perkin E lm er Spectrum  O ne 

M assachusetts, U SA )

-Instron testing  m achine (Instron 5567, N Y , USA)

-X -ray d iffraction  (B ruker A X S M odel D8 D iscover,U SA )

-O xygen perm eation  analyzer (Illinois Instrum ents, M odel 8000, Johnsburg , IL) 

-A utoclave (M odel T om y A utoclave SS-325, N erim a-ku, T okyo, Japan)

-V acuum  O ven (W TB B inder M odel VD 23, U SA )

4 .2  C u l t u r e  M e d i a  a n d  M e t h o d

4.2.1 Preparation of BC-gelatin film from biosynthesis byÆ xylinum

Cell cultivation  w as perform ed in a sim ple and  inexpensive  w ay  fo llow ing  

the procedure developed by Pram ote T ham m arad (The institu te  o f  Food R esearch  and 

P roduct D evelopm ent, K asetsart U niversity). The m edium  100 m l for the inoculum s 

w as coconu t-w ater w ith 5g o f  sucrose, 0.5g o f  am m onium  su lfa te  and 1 m l o f  

30 .0% v/v acetic  acid . T he m edium  w as sterilized at 110 ๐c  for 5 m in. T he 5%  v/v 

precultu res w ere prepared by transferring  10 ml o f  a stock cu ltu re  to  200 m l and 

incubated statically  at 30 °c for 7 days. T he experim ent w as designed  to  tes t effec ts o f  

d ifferen t gelatin  concentrations supplem ented in cu ltu re  m edium  w ith 

0 ,1 ,3 ,5 ,7 ,10%  w/v. T he precultu re broth w as added to  the  m ain  cultu re  in m edium  

w hich  supplem ented w ith  differen t gelatin  concentration . T he 75 m l activated
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m edium  w as inocu lated  in a 14.5 cm  diam eter o f  Petri-dish and kept at 30 ° c  for 

7 days.

A ll sam ple film s, w hich w ere hereafter called “B iosyn-B C G ” , w ere first 

purified by w ash ing w ith DI w ater for 1 h and then w as treated  w ith  1% w /v N aO H  

at room  tem peratu re  for 24 hours to rem ove bacterial cells fo llow ed by a rinse w ith DI 

w ater until pH  cam e to  7. A fterw ard, the B C -gelatin  film  w as vacuum -dried  

a t tem perature o f  40 ° c  for 2 hours. Then, air-dried at room  tem peratu re  (30 °C) for 

2 days and sto red  in plastic  film  at room  tem perature.

4.2.2 Preparation of BC-gelatin by impregnation of BC gels 
with gelatin solution

T he purified  B C  hydrogel w as im m ersed in an aqueous solution o f  gelatin  

w ith concentration  o f  0, 15 and 30%  พ /พ  at 50 ° c  for 1 w eek and  then im m ersed in 

3%  w /v tannic acid  aqueous solution for 2 days at room  tem peratu re  to  m ake 

a  chem ical cross-link ing  reaction (H eijim en e t a l ,  1997; Y asuda e t al., 2005).

A ll sam ple film s, w hich w ere hereafter called  “Im preg -B C G ”, w ere  w ashed 

several tim es by D I w ater for rem oving residual tannic acid  w ith  D I w ater. A fterw ard , 

the B C -gelatin  film  w as vacuum -dried at tem perature o f  40 ° c  for 2 hours. T hen , air- 

dried at room  tem peratu re  (30 °C) for 2 days and sto red  in p lastic  film  at room

tem perature.
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4 .3  C h a r a c t e r i z a t i o n s  o f  B C - G e l a t i n  F i l m

T he B C -gelatin  film s w ere characterized by Scanning e lectron m icrographs 

(SEM ) for investigating  m orphology, by Instron testing m achine for determ ining 

tensile  properties, by Fourier transform  infrared (FT-IR) spectrom eter for identifying 

the chem ical structure, by X -ray diffraction(X R D ) for find ing crystallin ity  index, 

O xygen perm eation  tester for m easuring oxygen transm ission rate (O TR), W ater 

vapor perm eation tester for m easuring w ater vapor transm ission rate (W V TR ), W ater 

absorp tion  capacity , A ntibacterial ability, A ntifungal ability  and a lso  in vitro  study o f  

cytotoxic activ ity  o f  developed film s against V ero cells in individual w ells o f  tw enty- 

four-w ell plates.

4.3.1 Scanning Electron Microscope (SEM)
T he exam ination  o f  the surface properties w as perform ed by JO E L  JS M - 

5410LV scanning electron m icroscopy (SEM ) (Tokyo, Japan) at Scientific and 

technological research  equipm ent centre, C hulalongkom  U niversity . T he B C G  film s 

in resw ollen  form  w ere dehydrated in ascending grades o f  ethanol and dried  in 

a  T ousim is S am dri-780 critical point dryer (M aryland, U SA ) using liquid carbon 

dioxide as transitional fluid. T he B C G  dried film s w ere spu ttered  w ith gold in 

a  B alzers-SC D  040 spu tter coater (Balzers, L iechtenstein). T he accelerating  vo ltage 

w as adjusted to  15 k v . T he specim ens w ere exam ined at m agn ification  10,000X  for 

surface m orphology and both 10,000X and 100X for cross sectional m orphology.
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4.3.2 Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectroscopy is used prim arily to  identify the chem ical structure o f  

the sam ple. FT IR  spectra  o f  the developed film  w ere recorded w ith Perkin E lm er 

(Spectrum  One, M assachusetts, U SA ) in the region o f  4 0 0 0 -4 5 0  c m '1 at Scientific and 

technological research  equipm ent centre, C hulalongkom  U niversity .

4.3.3 Mechanical Testing

The tensile  strength and elongation at break o f  both dried and resw ollen BCG 

film w as m easured by Instron Testing M achine (Instron 5567, NY, U SA ) at Polym er 

Engineering L aboratory , D epartm ent o f  C hem ical E ngineering, F aculty  o f  

E ngineering, C hulalongkom  U niversity. The load cell capacity  w as lk N . The film  

sam ples w ere cu t into strip-shaped specim ens 10 m m  w idth and 10 cm  length. 

The test conditions follow ed A ST M  D 882 as a standard test m ethod fo r tensile  elastic 

properties. Tw o ends o f  the specim ens w ere placed betw een the  upper and low er jaw s  

o f  the instrum ent, leaving a length o f  6 m m  o f  film  in betw een the tw o jaw s. 

E xtension speed o f  the instrum ent w as 10 m m /m in. T he tensile  strength and  break 

strain w ere the average value determ ined from  at least five specim ens.
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4.3.4 X-Ray Diffraction

X -ray d iffraction  patterns o f  the  BC G  film s w ere determ ined w ith 

a  diffractom eter (B ruker A X S M odel D8 D iscover, U SA ) at Scientific and 

technological research  equipm ent centre, C hulalongkom  U niversity . The operation 

conditions w ere as  follow s: Cu Target, 40 k v  V oltage, 40 m A  Current, 5-40 degree 

angle, 0.02 degree increm ent and scan speed o f  0.2 sec/step w ith V À N TEC-1 

D etecto r (super speed detector). T he crystallin ity  index (C.Z) w as calculated from  

the reflected in tensity  data  using the Segal e t al. m ethod, and calculated using 

the follow ing form ula:

C .I .=
0̂20

W here I020 is the m axim um  intensity  o f  the lattice diffraction, and lam 

the in tensity  o f  am orphous part o f  the sam ple at 28  =18°.

w as

4.3.5 Water Absorption Capacity (WAC)

W ater absorp tion  capacity  (W A C ) w as determ ined by im m ersing 

the prew eigh ted  o f  dried B C G  film  ๒ distilled w ater at room  tem perature until 

equilibration. T he film  w as then rem oved from  the w ater. A fter excess w ater at 

the surface o f  the  film  w as blotted out w ith K im  w ipes paper, the w eight o f  the 

sw ollen film  w as m easured and the procedure w as repeated until there w as no further 

w eigh t change. W ater con ten t w as calculated using the fo llow ing  form ula:
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W A C (% )=  Wh~ W“ jcioo
พ'1

W here พ 11 and พ d denoted the w eight o f  hydrate and dry m em brane, respectively.

4.3.6 T h e O xygen P erm eability  M easurem ent

O xygen transm ission rate (O TR ) o f  the dried BC G  film s w as determ ined w ith 

a oxygen perm eation  analyzer: Illinois Instrum ents (Johnsburg, IL) M odel 8000 at 

Thai packaging centre, T hailand Institute o f  Scientific and T echnological R esearch. 

The tes t condition  follow ed A ST M  D 3985. The determ ination o f  O TR  w as done at 

2 3 °c  and 0%  relative hum idity. T he film  w as held in such a  m anner that it separated 

tw o side o f  test cham ber. O ne side w as exposed to a nitrogen atm osphere. T esting  w as 

com pleted w hen the concentration  o f  oxygen in the n itrogen side w as constant.

4.3.7 T h e W ater V apor P erm eability  M easurem ent

W ater vap or transm ission rate (W V TR ) o f  the B C G  film  w ith area o f

50.00 cm 2, w as m easured at T hai packaging centre, T hailand Institu te o f  Scientific 

and T echnological R esearch. T he test conditions follow ed A S T M  E -96 w ith desiccant 

m ethod. T he determ ination  o f  W V T R  w as done at 38 ๐c  and 98%  relative hum idity. 

T he test specim en w as sealed to  the open m ount o f  test dish contain ing a desiccant, 

and the assem bly  placed in a  controlled atm osphere. P eriod ic w eighting  w as 

perform ed to  determ ine the rate o f  w ater vapor m ovem ent th rough the specim en into

the desiccant.
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4.3 .8  A n tib acteria l T est

The antibacterial test o f  cross-linked Im preg-B C G 30 and uncross-linked 

Im preg-B C G 30 film s against Escherichia coli G ram  (-) and Staphylococcus aureus 

G ram  (+) bacteria  w as determ ined at M icrobiology L aboratory, D epartm ent o f  

M icrobiology, F aculty  o f  Sciences, C hulalongkom  U niversity. T he film  sam ples w ere 

cut into 25 m m  w idth  and 50 m m  length. T esting  o f  antibacterial activity  o f  the film s 

w as perform ed accord ing  to  the m ethod described by A A TC C  T M  147-1998 (A nti­

bacterial A ctiv ity  A ssessm ent o f  Textile M aterials: Parallel S treak M ethod). 

T he sam ples used fo r the antibacterial assay w ere sterilized by using u v  irradiation 

for 20 m in in each side. T he incubation w as 24 hours at 37 °c.

4.3 .9  A n tifu n gal T est

T esting  antifungal activity  o f  the cross-linked Im preg-B C G 30 and uncross- 

linked Im preg-B C G 30 film s w as perform ed according A A T C C  39-1989(A ssessm ent 

on T extile  M aterials: M ildew  and R ot R esistance o f  T extile) at M icrobiology 

L aboratory, D epartm ent o f  M icrobiology, Faculty o f  Sciences, C hulalongkom  

U niversity. T he film  sam ples w ere punch into round-shaped sam ple o f  3.8 cm  

diam eter. T he sam ples used for the antibacterial assay  w ere sterilized by using u v  
irradiation for 20 m in in each side. The test w as perform ed in the A G A R  plate with 

A spergillus n iger  fo r a  w eek o f  inoculation at 30 °c.
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4 .4  C e l l  S t u d y

C yto tox ic ity  evaluation o f  B C G  film s against V ero cells, w hich w ere isolated 

from  m onkey kidney cell w ere kindly evaluated by Pongpun S iripong and Jantana 

Y ahuafai at N atural P roducts R esearch Section, R esearch D ivision , N ational C ancer 

Institu te o f  T hailand . T he dried  BCG film s w ere punched into round-shaped sam ples 

o f  16 m m  diam eter. T he sam ples w ere sterilized by autoclaving at 121 °c for 10 m in 

and transferred  aseptically  to  24-w ell culture plates. The experim ents w ere conducted 

in trip licate. O ne m illiliter o f  D M E M  culture m edium  w ith 10% Fetal c a lf  serum  w as 

added to  each w ell to  equilibrate the sam ples for 30 m in and then rem oved. 

T he m etallic  ring  and 0.5 m illiliter o f  D M EM  culture m edium  w ith  10% Fetal c a lf  

serum  w as added to  each w ell before cell seeding. Briefly, V ero cells w ere seeded 

into 24-w ell cu ltu re plates at an initial density o f  6 x l0 4 cells per w ell on the B C G  

film  and the contro l. C ells w ere incubated at 37°c in a  hum idified  atm osphere 

contain ing 5%  C O 2  for 16 h. T hen, the culture m edium  w as rem oved and  replaced for 

ano ther 48 h by  serum -free D M E M  for the cultures o f  Vero cells. T he num ber o f  

living cells  w as determ ined  using the M T T  assay at w avelength o f  550 nm .

I  <2Aq 3 5 3 7 0
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