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AARUIN N.
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NANUIN A.

a J e ol a o e
ﬂ'i'W\lLtﬂﬂ\'iﬂ'l‘iqLﬂ'i’l&iﬁL‘H’ﬂﬂNNﬂLL@%‘HEI’]NF]’]FIWVT

<——— First Bite Second Bite ————»
- downstroke —p=jes— upstroke downstroke —mejes— upstroke —pm
Fracturability
Hardness 1 il Hardness 2

Force —»

e A ————

, Area 1
Stringiness
0 | — —-]
Area 3 lew - .
Springiness
Time —»

fnN James, F, S, 1996

awilsznaun a-1 N LaAINIIIAEiledNEa (Texture Profile Analysis)

HeuAANn

- Fracturability: force at the first major drop in force curve. Popular terms describing
Fracturability are crumbly, crunchy, and brittle.

- Hardness 1: force at maximum compression during first bite. Popular terms describing
hardness are soft, firm, and hard.

- Area 1 (area under the solid line up to the dashed line in the first compression cycle):

work done on the sample during the first bite.
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- Adhesiveness: Area 3 (area under the zero force line) representing the work, caused
from a tensile force, needed to pull food apart and separate it from the compression
plates. A similar adhesiveness characteristic is present in the second compression
cycle. Popular terms describing adhesiveness are sticky, tacky, and gooey.

- Adhesive Force: maximum negative force.

Stringiness: distance food extends before it breaks away from the compression plates.

Hardness 2: force at maximum compression during second bite.

- Area 2 (area under the solid line up to the dashed line in the second compression
cycle): work done on the sample during the second bite.

- Springiness: distance or length of compression cycle during the second bite. Popular
terms describing springiness are plastic and elastic.

- Cohesiveness: the ratio of Area 2 divided by Area 1.

- Gumminess: the product of Hardness (first peak called Hardness 1) times
Cohesiveness. Popular terms describing gumminess are short, mealy, pasty, and
gummy.

- Chewiness: the product of Gumminess times Springiness which is equivalent to
Gumminess times Springiness. Popular terms describing chewiness are tender, chewey,
and tough. Though Chewiness and Gumminess are similar, they are mutually exclusive.
The same product cannot exhibit both Chewiness and Gumminess: Chewiness refers to
solid foods and Gumminess refers to semi-solid foods (Szczesnaik, 1995). (James, F, S,

1996)
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Thiobarbaturic Acid (Hamilton, 2002)
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NMANUIN Q.
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MAFNUIN B.

TdsunsuaanfaaasdIusunIsanalauANsaukazn1sanalaunIags

1. Tdsunsunan (pdemodel.m) #1usunisanalauminusay

function pdemodel
[pde_fig,ax]=pdeinit;
pdetool(‘appl_cb',9);

set(ax,'DataAspectRatio’,[1 1.5 1]);

set(ax,'PlotBoxAspectRatio',[1 0.66666666666666663 66.666666666666671]);
set(ax,'XLim',[-0.014999999999999999 0.014999999999999999]);
set(ax,"YLim',[-0.014999999999999999 0.014999999999999999]);
set(ax,'XTick',[ -0.014999999999999999,...

-0.012,...
-0.0089999999999999993, ...
-0.0059999999999999984,...
-0.0029999999999999992,...
0,...
0.0029999999999999992,...
0.0059999999999999984, ...
0.0089999999999999993, ...
0.012,...
0.014999999999999999, ...

i)k

set(ax,'YTick',[ -0.014999999999999999,...

-0.012,...

-0.0089999999999999993, ...
-0.0059999999999999984,...
-0.0029999999999999992, ...
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0,...

0.0029999999999999992, ...
0.0059999999999999984,...
0.0089999999999999993,...

0.012,...

0.014999999999999999, ...

D;

pdetool('gridon','on’);

% Geometry description:

149

pderect([-0.012503816793893129 0.012503816793893133 0.012503816793893133 -

0.012572519083969461],'R1");
set(findobj(get(pde_fig,'Children’), Tag', PDEEval’),'String','R1")

% Boundary conditions:
pdetool('changemode',0)
pdesetbd(4,...

dir',...
1,...
1.
'69")

pdesetbd(3,...

dir',...
1,...
1.
'69")

pdesetbd(2,...

'dir',...
1,...



150

1.

'69")
pdesetbd(1,...
dir',...

% Mesh generation:
setuprop(pde_fig,'Hgrad',1.3);
setuprop(pde_fig,'refinemethod','regular');
pdetool(‘initmesh')

pdetool('refine')

% PDE coefficients:
%solve first path
pdeseteq(2,...
'0.38',...
'0.0000362',...
'((-27309))+(0.0000362).*(120)",...
'(876).%(3124)',...
'0:15',...

27',...

'0.0',...

'[0 100]")

mypde_solve

% store result in ut;

ul=u;



%solve next path
pdeseteq(2,...
'2.28',...
'0.0000326',...

'((-40963))+(0.0000362).*(120)",...

'(728).%(4687)',...
"16:150',...
‘27",

'0.0,...

'[0 10071")

setuprop(pde_fig,'currparam’,...

['728";...
'4687";...
'2.28';...
'(-40963)";...
'0.0000362";...
'120'])

mypde_solve

% store result in u2;

u2=u;

%setup graph for plot 0 to 150
pdeseteq(2,...

'2.28',...

'0.0000326',...

'((-40963))+(0.0000362).*(120)",...

'(728).%(4687)',...
'0:150',...
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‘27"
'0.0,...
'[0 1007")

%u =ul + uz;

u=[u1 u2] ; % u is Matlab will use to plot
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%setuprop(pde_fig,'currparam',[728 ';' 4687 ';' 2.28 ;' (-40963) ';' 0.0000362 ';' 120 '])

%Plotflags and user data strings:

%setuprop(pde_fig,'plotflags',[1111127100015110000 1]);
%setuprop(pde_fig,'colstring',");

%setuprop(pde_fig,'arrowstring’,");
%setuprop(pde_fig,'deformstring',");

%setuprop(pde_fig,'heightstring',");

%plot Graph
mypde_plot

2. Tdsunsuuan (pdemodel.m) §11sUN1TO1ElAUNIRET

Q U 1 &’
2.1 Tdsunsuuan (pdemodel.m) drusunisanalaunanuay

function pdemodel

[pde_fig,ax]=pdeinit;

pdetool(‘appl_cb',10);

set(ax,'DataAspectRatio’,[1 1.5 1]);

set(ax,'PlotBoxAspectRatio’,[1 0.66666666666666663 66.666666666666671]);
set(ax,'XLim',[-0.014999999999999999 0.014999999999999999]);
set(ax,'"YLim',[-0.014999999999999999 0.014999999999999999]);



set(ax,'XTick',[ -0.014999999999999999,...

-0.012,...
-0.0089999999999999993,...
-0.0059999999999999984,...
-0.0029999999999999992,...
0,...
0.0029999999999999992, ...
0.0059999999999999984,...
0.0089999999999999993,...
0.012,...
0.014999999999999999, ...

D;

set(ax,'YTick',[ -0.014999999999999999,...

-0.012,...
-0.0089999999999999993,...
-0.0059999999999999984, ...
-0.0029999999999999992,...
0,...
0.0029999999999999992,...
0.0059999999999999984,...
0.0089999999999999993,...
0.012,...
0.014999999999999999,...
D;
pdetool('gridon','on’);

% Geometry description:

pderect([-0.012503816793893129 0.012503816793893133

0.012503816793893126],'SQ1");
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set(findobj(get(pde_fig,'Children'),'Tag','PDEEval'),'String’,'SQ1")

% Boundary conditions:
pdetool('changemode',0)
pdesetbd(4,...

dir',...

1,...

1.

0

pdesetbd(3,...

dir',...

pdesetbd(2,...
'dir',...

pdesetbd(1,...
'dir',...

% Mesh generation:
setuprop(pde_fig,'Hgrad',1.3);
setuprop(pde_fig,'refinemethod','regular');

pdetool(‘initmesh')
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pdetool('refine')

% PDE coefficients:
pdeseteq(2,...
'0.0000000002',...
'0.0',...

'(-0.484)',...

"1.0',...

'0:150',...

'656',...

'0.0',...

'10 100]")
setuprop(pde_fig,'currparam’,...
['0.0000000002';...
'(-0.484) ')

% Solve parameters:
setuprop(pde_fig,'solveparam',...
stremat('0','1872",'10",'pdeadworst',...
'0.5",'longest','0",'"1E-4"," 'fixed','Inf"))

% Plotflags and user data strings:
setuprop(pde_fig,'plotflags',[1111217100015110000 1]);
setuprop(pde_fig,'colstring',");

setuprop(pde_fig,'arrowstring',");
setuprop(pde_fig,'deformstring',");
setuprop(pde_fig,'heightstring',");

% Solve PDE:
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pdetool('solve')

2.2 Tdsunsuuan (pdemodel.m) d11sunisanalauidiiu

2.2.1 Boundary Condition 129N UNRINARAUMLYNAL 800

function pdemodel

[pde_fig,ax]=pdeinit;

pdetool(‘appl_cb',10);

set(ax,'DataAspectRatio’,[1 1.5 1]);

set(ax,'PlotBoxAspectRatio',[1 0.66666666666666663 66.666666666666671]);
set(ax,'XLim',[-0.014999999999999999 0.014999999999999999]);
set(ax,"YLim',[-0.014999999999999999 0.014999999999999999]);
set(ax,'XTick',[ -0.014999999999999999,...

-0.012,...

-0.0089999999999999993,...

-0.0059999999999999984,...

-0.0029999999999999992,...

0,...

0.0029999999999999992,...

0.0059999999999999984,...

0.0089999999999999993,...

0.012,...

0.014999999999999999,...

D;

set(ax,'YTick',[ -0.014999999999999999,...

-0.012,...

-0.0089999999999999993,...

-0.0059999999999999984,...

-0.0029999999999999992,...

0,...



0.0029999999999999992, ...
0.0059999999999999984,...
0.0089999999999999993,...

0.012,...

0.014999999999999999,...

D;

pdetool(‘gridon','on’);

% Geometry description:
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pderect([-0.012503816793893129 0.012503816793893133 0.012503816793893133 -

0.012503816793893126],'SQ1");
set(findobj(get(pde_fig,'Children'),'Tag','PDEEval'),'String','SQ1")

% Boundary conditions:
pdetool(‘changemode',0)
pdesetbd(4,...

dir',...
1,...
1.
'800')

pdesetbd(3,...

dir',...
1,...
1.
'800")

pdesetbd(2,...

dir',...
1,..
1.



'800")
pdesetbd(1,...
'dir',...

% Mesh generation:

setuprop(pde_fig,'Hgrad',1.3);

setuprop(pde_fig,'refinemethod', regular’);

pdetool(‘initmesh')

pdetool('refine’)

% PDE coefficients:
%solve first path:
pdeseteq(2,...
'0.0000000002',...
'0.0',...

'2.065',...

"1.0,...

'0:60',...

'0.0',...

'0.0',...

'[0 1007")
mypde_solve
%store result in ut;

ul =u;

%solve next path:
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pdeseteq(2,...
'0.0000000002',...
'0.0',...

'(0.221)",...

"1.0',...

'61:150',...

'0.0',...

'0.0',...

'[0 100]")
mypde_solve
%store result in u2;

u2 = u;

%uU =ul + u2;
u=[u1 u2];

%u is Matlab will use to plot:

% Plotflags and user data strings:
setuprop(pde_fig,'plotflags',[1111217100015110000 1]);
setuprop(pde_fig,'colstring',");

setuprop(pde_fig,'arrowstring',");

setuprop(pde_fig,'deformstring',");

setuprop(pde_fig,'heightstring',");

% Solve PDE:
pdetool('solve')
%plot graph

%mypde_solve
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2.2.2 Boundary Condition 129NN UNRINARAUMINAL 270

function pdemodel

[pde_fig,ax]=pdeinit;

pdetool(‘appl_cb',10);

set(ax,'DataAspectRatio’,[1 1.5 1]);

set(ax,'PlotBoxAspectRatio',[1 0.66666666666666663 66.666666666666671]);
set(ax,'XLim',[-0.014999999999999999 0.014999999999999999]);
set(ax,"YLim',[-0.014999999999999999 0.014999999999999999]);
set(ax,'XTick',[ -0.014999999999999999,...

-0.012,...

-0.0089999999999999993,...

-0.0059999999999999984,...

-0.0029999999999999992,...

0,...

0.0029999999999999992,...

0.0059999999999999984,...

0.0089999999999999993,...

0.012,...

0.014999999999999999,...

D;

set(ax,'YTick',[ -0.014999999999999999,...

-0.012,...

-0.0089999999999999993,...

-0.0059999999999999984,...

-0.0029999999999999992,...

0,...

0.0029999999999999992,...

0.0059999999999999984,...
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0.0089999999999999993,...
0.012,...
0.014999999999999999,...

D;
pdetool(‘gridon','on’);

% Geometry description:

pderect([-0.012503816793893129 0.012503816793893133 0.012503816793893133 -
0.012503816793893126],'SQ1");
set(findobj(get(pde_fig,'Children'),'Tag','PDEEval'),'String','SQ1")

% Boundary conditions:
pdetool('changemode',0)
pdesetbd(4,...

dir',...

1,...

1.

'270")

pdesetbd(3,...

dir',...

1,...

1.

'270")

pdesetbd(2,...

dir',...

1,...

1.

'270")

pdesetbd(1,...



% Mesh generation:
setuprop(pde_fig,'Hgrad',1.3);
setuprop(pde_fig,'refinemethod','regular');
pdetool(‘initmesh')

pdetool('refine’)

% PDE coefficients:
%solve first path:
pdeseteq(2,...
'0.0000000002',...
'0.0',...

'2.065',...

1.0',...

'0:60',...

'0.0',...

'0.0,...

'10 100]")
mypde_solve
%store result in u1;

ul =u;

%solve next path:
pdeseteq(2,...
'0.0000000002',...
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'0.0',...

'(0.221)",...

"1.0',...

'61:150',...

'0.0',...

'0.0',...

'10 100]")
mypde_solve
%store result in u2;

u2 = u;

%u =ul + uz;
u=[ul u2];

%u is Matlab will use to plot:

% Plotflags and user data strings:
setuprop(pde_fig,'plotflags',[1111217100015110000 1]);
setuprop(pde_fig,'colstring',");

setuprop(pde_fig,'arrowstring',");

setuprop(pde_fig,'deformstring’,");
setuprop(pde_fig,'heightstring',");

% Solve PDE:
pdetool('solve')
%plot graph

%mypde_solve



3. Tdsuunsuatduayunisaralauanusaunaznisonalauiniy
3.1 Tisunsuatiuayu 1 (mypde_plot.m)

bndhndl=findobj(get(pde_fig,'Children'),flat','Tag','PDEBoundMenu’);
bl=get(findobj(get(bndhndl,'Children"),'flat',...
'Tag','PDEBoundMode'),'UserData’);

dl1=getuprop(pde_fig,'dl1');

% Unpack parameters:

params=get(findobj(get(pde_fig,'Children'),flat',' Tag','PDEPDEMenu'),...
'UserData');

ns=getuprop(pde_fig,'ncafd');

nc=ns(1); na=ns(2); nf=ns(3); nd=ns(4);

c=params(1:nc,:);

a=params(nc+1:nc+na,:);

f=params(nc+na+1:nc+na+nf,:);

d=params(nc+na+nf+1:nc+na+nf+nd,:);

pde_type=get(findobj(get(pde_fig,'Children’), flat',' Tag','PDEHelpMenu'),...

'UserData');
h=findobj(get(pde_fig,'Children’),flat',' Tag',' PDEMeshMenu');
hp=findobj(get(h,'Children’),'flat',' Tag','PDEInitMesh');
p=get(hp,'UserData’);
he=findobj(get(h,'Children"),'flat','Tag','PDERefine");
e=get(he,'UserData’);
ht=findobj(get(h,'Children'),'flat','Tag','PDEMeshParam’);

t=get(ht,'UserData’);

solveparams=getuprop(pde_fig,'solveparam');

adaptflag=str2num(deblank(solveparams(1,:)));
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nonlinflag=str2num(deblank(solveparams(7,:)));

nltol=str2num(deblank(solveparams(8,:)));

nlinit=deblank(solveparams(9,:));

jac=deblank(solveparams(10,:));

nlinnorm=Ilower(deblank(solveparams(11,:)));

if ~strcmp(nlinnorm,'energy’),
nlinnorm=str2num(nlinnorm);

end

timepar=getuprop(pde_fig,'timeeigparam’);
tlist=str2num(deblank(timepar(1,:)));
uO=deblank(timepar(2,:));
utO=deblank(timepar(3,:));
r=str2num(deblank(timepar(4,:)));
rtol=str2num(deblank(timepar(5,:)));

atol=str2num(deblank(timepar(6,:)));
I=(1;

% u=parabolic(u0,tlist,bl,p,e,t,c,a,f,d,rtol,atol);

% if no geometry, create a default L-shape:

pdegd=get(findobj(get(pde_fig,'Children'), flat',...

'Tag','PDEMeshMenu'),'UserData');

if isempty(pdegd), pdetool('membrane'), end

if btnstate(pde_fig,'zoom',1),

pdezoom(pde_fig,'off')
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btnup(pde_fig,'zoom',1)

opthndl=findobj(get(pde_fig,'Children'),'flat','Tag','PDEOptMenu’);

set(findobj(get(opthndl,'Children'), flat','Tag','PDEZoom’),...
'Checked','off")

end

flg_hndl=findobj(get(pde_fig,'Children'),'flat',' Tag','PDEFileMenu");
flags=get(flg_hndl,'UserData');
flag1=flags(3);
if abs(flag1),
pdetool('‘changemode',0)
end
flags=get(flg_hndl,'UserData');
if flags(3)==-1,
% error in decsg
return;
elseif ~flags(2),
pdetool('cleanup’)
end
flags=get(flg_hndl,'UserData');
flag2=flags(4);
if flag2,
pdetool(‘initmesh')
end
flags=get(flg_hndl,'UserData');
oldmode=flags(2);
flags(2)=3; % mode_flag=3
set(flg_hndl,'UserData',flags)
pdeinfo('Solving PDE...");
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set(pde_fig,'Pointer','watch')

drawnow

% Save solution:
plothndl=findobj(get(pde_fig,'Children'),'flat',' Tag','PDEPlotMenu');
set(plothndl,'UserData’,u);
% save eigenvalues:
winhndl=findobj(get(pde_fig,'Children'),'flat','Tag','winmenu');

set(winhndl,'UserData’,l);

% Enable export:
solvehndl=findobj(get(pde_fig,'Children'),'flat',' Tag','PDESolveMenu');
set(findobj(get(solvehndl,'Children’),'flat','Tag','PDEExpSol'),...

'Enable’,'on")

% Set flags
flags=get(flg_hndl,'UserData’);
flags(5)=0; flags(6)=1; flags(7)=0; % flag3=0, flag4d=1, flagb=0

set(flg_hndl,'UserData',flags)

plotflags=getuprop(pde_fig,'plotflags');
if pde_type==2 | pde_type==3,
plotflags(12)=size(u,2);
else
plotflags(12)=1;
end

setuprop(pde_fig,'plotflags',plotflags)



% Turn off replay of movie
animparams=getuprop(pde_fig,'animparam’);
animparams(3)=0;

setuprop(pde_fig,'animparam',animparams)

% Update plot dialog box:
pdeptdig(‘initialize',1,getuprop(pde_fig,'plotstrings'));

% flag is set if we're solving from PDEPTDLG. The solution plot
% will be handled from PDEPTDLG.
%if plotflags(8) & ~isempty(u) & nargin==1,
% do plot solution automatically:
pdeptdig('plot")
if adaptflag & (oldmode==2) & pde_type==1,
% We're still displaying the old mesh; update it
pdetool meshmode
else
% Restore old mode since we are not plotting solution nor updating:
flags=get(flg_hndl,'UserData');
flags(2)=oldmode;
set(flg_hndl,'UserData',flags)

end

set(pde_fig,'Pointer','arrow’)

drawnow

if pde_type~=4,

pdeinfo('Select a new plot, or change mode to alter PDE, mesh, or boundaries.");

end
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