
CHAPTER III 
METHODOLOGY

3.1 Materials

3.1 .1  S ilk  C o c o o n s  and B anan a R a ch ises
T h e Bombyx mori s ilk w orm  c o c o o n s  w ere ob ta in ed  from  the Q ueen  

Sirik it D ep artm en t o f  S ericu ltu re (T h ailan d ).T h e M usa sapientum Linn banana rach ises  
w ere p u rch ased  from  lo ca l banana farm  in R atchaburi p rov in ce, T hailand.

3 .1 .2  Y ea st C e lls
Saccharom yces cerevisiae burgundy  K Y  1 1 w a s  p urchased  from  Institute  

o f  F ood  R esearch  and Product D e v e lo p m e n t (IF R P D ), K asetsart U n iversity  in the form  
o f  fresh yeast.

3 .1 .3  O ther C h em ica ls
M eth an ol (C H 3 O H ) and ethanol (C 2 H 5 O H ) (9 9 .5  % purity), analytica l 

grade, w er e  purch ased  from  R C I L abscan ., Ltd. A n a ly tica l grade ca lc iu m  ch lorid e  
d ihydrate (C a C l 2 2 H 2 0 )  w a s purch ased  from  Analar® . S od iu m  h yd ro x id e  (N a O H ) and 
sod iu m  carb on ate (N a 2 CC>3 ) p e lle ts , an a ly tica l grade, w ere  p u rchased  from  R A N K E M . 
H yd rogen  p ero x id e  (H 2 0 2) w a s purch ased  from  F ish er S c ie n tif ic  C o ., Ltd. D -g lu c o se  
an h yd rou s, b a cter io g ica l p ep to n e , and yea st ex tract p ow d er  w ere  purch ased  from  
U N IV A R , C O N D A , and H im ed iA , r e sp ec tiv e ly . S od iu m  p otassiam  tartrate 
( K N a C T E O fiA ^ O )  and 3 ,5 -  d in itro sa licy lic  acid  (D N S ) w ere  p erch ased  from  S ig m a  
A ld rich .

3.2 Experimental Methods

3.3.1 Preparation of CLWs
M. sa p ien tu m  L inn  banana rachis was cut into the length of 100 mm to

300 mm and dried overnight in an oven at 40 °c. Dried banana rachises were then



29

soak ed  in a 2  % (w /v ) N a O H  so lu tio n  at 80  ๐c  for 2 hours. A fter th o rou gh ly  rinsed w ith  
d istilled  w ater , the rach ises w ere  treated w ith  a 3 % (w /v )  H 2 O 2  so lu tio n  at 70  °c for 2  
hours. T h e p u rified  c e llu lo s e  w a s  h yd ro lyzed  at 6 0  ๐c  for 4  hours in a 65%  (w /v )  
su lfuric  ac id  so lu tio n . T h e resu ltin g  C L W s w ere d ilu ted  w ith  d istilled  w ater and 
cen trifu ged  at 1 0 ,0 0 0  rpm for 10 m in . A fter the cen tr ifu gation , the C L W s su sp en sion  
w a s n eu tra liza tion  by d ia ly zed  aga in st d istilled  w ater until neutral pH .

3 .3 .2  Preparation o f  SF  S o lu tion
B. mori s ilk  c o c o o n s  w ere  cut into sm all p ie c e s , w a sh ed  w ith  w ater, and  

dried at 4 0  °c overn igh t. T h e  s ilk  d eg u m m in g  p rocess w a s  carried ou t by b o ilin g  the silk  
c o c o o n s  in a 0 .0 5  % (w /v )  N a 2C 0 3 so lu tio n  for 15 m in u tes (repeated  for 2 tim es). T he  
d egu m m ed  s ilk  w a s  dried in an ov en  at 4 0  ๐c  overn igh t b efo re  b e in g  d is so lv e d  in a polar  
so lv e n t sy stem  con ta in in g  C a C l 2 , e th an o l, and w ater at a C a C l2:ethanol:w ater m olar ratio  
o f  1:2:8. T h e  resu ltin g  fib ro in  so lu tio n  w a s d ia lyzed  ag a in st d istilled  w ater  until n ega tive  
test o f  A g N 0 3 w a s  found, fo llo w e d  by cen trifu ged  at 1 0 ,0 0 0  rpm for 10 m in u tes. T h e as-  
prepared S F  so lu tio n  w a s kept at 4 ๐c  until use.

3.3.3 Preparation o f  C L W s-R ein fo rced  SF S p o n g es
T h e as-prepared  SF  so lu tio n  w a s d ilu ted  w ith  d istilled  w ater  to a ch iev e  a 

d esired  con cen tra tion  at 3% (w /v ) . T h e C L W s su sp en sio n  w as u ltrason icated  for 15 
m in u tes prior to ad d in g  into the SF so lu tio n  at four d ifferen t C L W s con ten t —  10% , 2 0  
%, 30%, 40% and 50% b ased  on  final w e ig h t o f  b io n a n o c o m p o site  sp o n g es  —  w ith  
s lo w  m ech a n ica l stirring. T h e m ixtu re w a s stirred for 10 m in u tes and 1 m l o f  the w e ll-  
m ixed  so lu tio n  w a s  p ipetted  to each  w e ll o f  C O ST A R ®  2 4 -m u lt i-w e lls  cu lture p late and  
freeze  dried  at -40°c o v ern igh t

3.3.4 M eth an ol T reatm en t o f  C L W s-R ein fo rced  SF S p o n g es
T h e SF sp o n g e s  both w ith  and w ith ou t C L W s w ere  im m ersed  in a 90%  

(v /v )  m eth a n ol so lu tio n  for 10 m in u tes. A fter  that the m eth an ol-trea ted  sp o n g es  w ere  
w ash ed  w ith  an e x c e s s iv e  am ou n t o f  d istilled  w ater and dried  b y u sin g  a freeze  dryer at 
-40°c for 24 hour.
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3 .3 .5  In ocu lu m s Preparation
O n e lo op  o f  Saccharomyces cerevisiae  burgundy K Y 11 w a s  transferred  

in to 10 m l o f  Y ea st  P ep to n e  D ex tro se  (Y P D ) nutrient broth c o n s is t in g  o f  g lu c o se , 
p ep to n e , and y e a st  extract at a con cen tration  o f  2 0  g - f 1, 2 0  g - f 1, and 10 g r 1, resp ectiv e ly  
T h e y ea st cu ltu re w a s  in cu b ated  in a sh ak in g  at 150 rpm and 3 0  °c for 16 hours in order 
to get m ature y ea st ce ll w h ich  a ce ll con cen tration  m ore than 108 cells-m l" 1 for b ein g  
u sed  in the ce ll im m o b iliz a tio n  step.

3 .3 .6  C e ll Im m ob iliza tio n
T h e  m eth an ol-trea ted  C L W s-re in forced  SF sp o n g e s  and 2 5 0  m l o f  Y P D  

broth w ere  au to c la v ed  sep ara te ly  at 121°c for 15 m in u tes. T h e  in ocu lu m  c e ll  su sp en sion  
w a s  then  added to the s ter ilized  m ed iu m . T o  in d u ce natural c e ll a d h esio n , the sp o n g es  
w ere  im m ersed  in the cu lture m ed iu m  and then  incubated  in a sh ak in g  incubator at 150  
rpm and 30°c for 4 8  hours fo llo w in g  b y freeze  drying .

3 .3 .7  V ita liza tio n  o f  Y e a st  C ell Im m o b ilized  in B io n a n o c o m p o s ite  S p o n g es
Im m o b ilized  c e l ls  o f  Saccharomyces cerevisiae burgundy  K Y 11 in

b io n a n o c o m p o site  sp o n g e s  w a s  rev ita lized  in a 2 5 0  ml E rlen m ey er  fla sk  con ta in in g  100  
m l o f  Y P D  nutrient m ed iu m  in a sh ak in g  incubator at 150 rpm and 3 0 °  c  for 2 4  hour.

3 .3 .8  F erm en tation
B atch  ferm en tation  o f  both su sp en d ed  c e lls  (u sed  as con tro l) and 

im m o b iliz e d  c e l ls  o f  Saccharom yces cerevisiae burgundy  K Y I 1 in C L W s-re in forced  SF  
sp o n g e s  w a s  u sed  in an e q u iv a len t num ber o f  yea st c e lls . S u sp en d ed  ce ll and  
im m o b iliz ed  c e ll  w ere  transferred to a co tton  p lu g g ed  2 5 0  m l E rlen m ey er  flask  
co n ta in in g  100 m l o f  Y P D  nutrient broth. T h e cu lture m ed iu m  w a s sa m p led  at a sp e c if ic  
tim e  interval for 4 8  hours and w a s  then cen tr ifu ged  at 1 0 ,0 0 0  rpm for 10 m in u tes to  
re m o v e  c e ll p e lle ts . T h e c lea r  supernatant w a s  further su b jected  the red u cin g  sugar  
co n cen tra tion , ethan ol co n ten t, and ce ll v ia b ility  a n a ly se s  by D N S  m ethod , G as  
ch rom atograp h y  (G C ) and d irect co u n tin g  u s in g  N eu b a eu r  P rec ico lo r  H B G  
h ea m a cy to m eter  co u n tin g  ch am b er, resp ectiv e ly .



31

3.3 Characterizations and Testing

3.3 .1  F ourier T ransform ed Infrared (F T IR ) S p ec tro sco p y
A  T h erm o N ic o le t  N e x u s  671 FT IR  sp ectro p h o to m eter  w a s  used to 

ch aracterize  the c h em ica l structure and con form ation  o f  S F , C L W s, and C L W s- 
re in forced  SF  sp o n g e s . T h e sp ectra  w ere c o lle c te d  at a reso lu tio n  o f  4  cn T 1 and 64  scans  
in th e  w a ven u m b er range o f  4 0 0 0  c m '1 to 4 0 0  c m '1

3 .3 .2  F ie ld  E m iss io n  S can n in g  E lectron  M icro sco p y  (F E -S E M )
A  H IT A C H I S 4 8 0 0  F E -S E M  m icro sco p e  w a s  used  to  o b serv e  both  

su rfa ce  and c r o ss -se c tio n  m orp h o log y  o f  the C L W s-re in forced  SF sp o n g es  at an 
op era tin g  v o lta g e  o f  2  k v .  T h e sp ec im en s w ere  coa ted  w ith  p latinum  b y  u sin g  a 
sp u tterin g  eq u ip m en t operated  for 2 0 0  seco n d s  b efore  the S E M  o b serv a tion .

3 .3 .3  T ra n sm issio n  E lectron  M icro sco p y  (T E M )
T h e T E M  im age o f  c e llu lo se  w h isk ers w ere  taken by a JE O L  JEM  2 1 0 0  

T E M  m icro sco p e  at an op eratin g  v o lta g e  o f  2 0 0  kV . S am p les  for T E M  o b serv a tion  w ere  
prepared by sta in in g  th e d ilu ted  c e llu lo se  w h isk ers su sp en sio n  w ith  1 % uranyl acetate  
a q u eo u s so lu tio n . T h e sam p le  w a s  dropped on  a carb on -coated  co p p er  grid and air-dried.

3 .3 .4  S h rin k age  o f  B io n a n o c o m p o site  S p o n g es
T h e v o lu m e  o f  the b io n a n o co m p o site  sp o n g es  b efo re  and after m ethanol 

treatm ent w a s  in v estig a ted  to ca lcu la te  the sh rin k age (% ) after treated w ith  m ethan ol.
S h rin k age (% ) =  IV i-V fJ  X 100  

V,
V i ะ the v o lu m e  o f  the sp o n g es  b efo re  m eth an ol treatm ent 
V f  : th e  v o lu m e  o f  the sp o n g es  after m ethanol treatm ent

3 .3 .5  L lo y d  Instrum ental
T o ev a lu a te  the co m p ressio n  m od u lu s, the c o m p ress io n  test w a s  perform ed  

at crossh ead  sp eed  1 m m /m in u te  at room  tem perature. T h e c o m p r e ss iv e  m od u lu s w as
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ca lcu la ted  from  the in itia l s lo p e  o f  the linear portion  o f  the s tr e ss -s tr a in  cu rve. T h e  
sam p le  n u m ber w a s f iv e  for each  exp erim en ta l group.

3 .3 .6  W eigh t L o ss
T o  id en tify  the stab ility  o f  b io n a n o co m p o site  sp o n g e  in w ater, both n o n 

m eth an ol treated and m ethan ol treated b io n a n o co m p o site  sp o n g e s  w ere  im m ersed  in 
d istilled  w ater and incu b ated  at 30°c 150 rpm for 72  hours. W eig h t lo ss  w a s ca lcu la ted  
from  th is eq u ation ;

% w e ig h t lo ss  =  ( พ , -  W f) X 100
พ ,

พ , ะ in itia l dry w e ig h t o f  b io n a n o co m p o site  sp o n g e
W f : final dry w e ig h t o f  b io n a n o co m p o site  sp o n g e

3 .3 .7  U ltra v io le t-V is ib le  (U V -v is )  S p ectro sco p y
A n  T ecan t In fin ite®  2 0 0  PR O  U V -V is  sp ectro p h o to m eter  w a s u sed  to  

ex a m in e  the u tiliza tion  o f  red u cin g  sugar by y ea st c e lls  during ferm en tation  p rocess. T o  
d eterm in e the im m o b iliza tio n  e f f ic ie n c y , the u tiliza tion  o f  red u c in g  sugar during  
ferm entation  p rocess  w a s  eva lu ated  b y  u sin g  the D N S  m ethod  (M ille r , 1959 ) b ased  on  
the p recip ita tion  o f  resid u a l sugar. T h e tests  w ere m ade w ith  3 m l o f  D N S  reagent added  
to 3 m l o f  sam p le  so lu tio n . T he co lo r  in ten sitie s  in term s o f  ab so rb a n ce  w ere m easu red  
at a w a v e len g th  o f  5 7 5  nm . T he sugar con cen tration  w a s  then  d eterm in ed  from  the  
g lu c o se  standard cu rve prepared in the con cen tration  range o f  0.1 m g /m l to 1 m g /m l.

3 .3 .8  G as C h rom atograp h y (G C )
T h e b io eth an o l con cen tration  w a s d eterm in ed  b y u s in g  a S h im azu  G C - 

7 A G  instrum ent eq u ip p ed  w ith  a f lam e io n iza tio n  (F ID ) d etec tor . A  stee l gas  
ch rom atograp h  co lu m n  p ack ed  w ith  Porapak Q w a s  u sed . T em p eratu re o f  the co lu m n  
and in jector w ere fix e d  con stan t at 170 °c and 220 °c, r e sp e c tiv e ly . N itro g en  (N2) gas  
w ith  the f lo w  rate o f  4 5  m l min"1 w a s used  as a carrier ga s. P eak  areas in the G C  
ch rom atogram s w ere  com p a red  w ith  eth an o l w ith  k n ow n  co n cen tra tio n  o f  0 .01%  to 20%  
(v /v )  in order to ca lcu la te  b ioeth an o l con cen tration  in the test sam p le .
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3 .2 .9  O p tica l M icro sco p y  (O M )
S a m p lin g  the su sp en sion  o f  ferm ent then cen tr ifu g ed  at 1 0 0 0 0  rpm 4°c for  

10 m in u tes in order to separate the ce ll p e lle ts  out o f  th e  supernatant. T h e c e ll p e lle ts  
w er e  resu sp en d ed  in a 0 .8 5  % N aC l so lu tio n  b efore  dropped  to a N eu b a eu r  P recico lor  
H B G  h ea m a cy to m eter  co u n tin g  cham ber. T he num ber o f  y ea st c e lls  w as cou n ted  
d irectly  under an O ly m p u s C X 31 O M  m icro sco p e  in order to  eva lu a te  the ce ll grow th  
du rin g ferm en tation  p rocess.
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