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ANT1N 1 NITRUILTE L ANUDIANHAY L UOANNS (adapted from Szczesniak, 1963)

Primary Secondary

parameters parameters

Popular terms

Mechanical Characteristics
Hardness
Cohesiveness Brittleness
Chewiness
Gumminess
Viscosity

Springiness

Adhesiveness

Geometrical ChHaracteristics
Particle size and shape
Partiele shape and orientation
Other Characteristics

Moisture content

Oiliness

Fat content

Greasiness

Soft, Firm, Hard

Crumbly, Crunchy, Brittle
Tender, Chewy, Tough
Short, Mealy, Pasty, Gummy
Thin, Viscous

Plastic, Elastic

Sticky, Tacky, Gooey

Gritty, Grainy, Coarse

Fibrous,Cellular,Crystalline

Dry, Moist, Wet, Watery
Oily

Greasy
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Plunger

Sample Strain gauges
Pla%% ;
Beam _gl_

gﬂﬁ 1 ®ANN151991AT09 Foods Texturometer

Hardness - Hy

Cohesiveness — Ay/4,

Elasticity - (C*-8)

Adhesiveness — A3 l
(* see text)

M Ny eSS

Brittieness - H,

i

zﬂﬁ 2 ANWREUDINTINIA 1691N1ATS Foods Texturometer :

Force )

L 3

Time

{a) non-brittle food} (b) brittle food.
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mnmwﬂ‘{ﬂ?\ 2 ANT0LUAAINNRNE LARILAN S LUA1TI9N 2 (Brandt

et al., 1963

Szczesniak, 1963)

[ t o
AT 2 NMTRIRAINIRINEINNLATD INDINANHAE | UOAUNIDIRT

Hardness

Cohesiveness

Sprindiness

(Elasticity)

Adhesiveness

Fracturability

(Brittleness)

Chewiness

Gumminess

Height of the first peak (Ht) normalised to a
one-volt input (sample size specified)

Ratio of the area under the second peak to that
under the first peak (Az/AL)

The difference bhetween the distance B, wmeasured
from +the 1initial sample contact on the second
cycle, and the distance Cy +the same measurement
made on & completely inelastic standard material
such as clay (sample size specified)

The area, in arbitrary instrumental units (Aa),
of the negative peak formed when the plunger is
pulled from the sample (sample size and voltadge
input is specified)

This is characterised by the multi-peak shape of
the first cycle +race and is measured as the
height of +the first significant break in the
peak (Hz) , normalised +to a one-volt input
(sample size specified)

Hardness x Cohesiveness x Elasticity

Hardness x Cohesivemess x 100
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Togg1uar 1 Daar9 997 1UTUNTy  (Source Code) luTinmiingata  Iwuaadls
U

AMARUIN

program ComputernProgramming_for_Food;Texture_Analysis:

uses Crt,Dos,Graph,Printers

const
ScaleFactaor = 3.6473
Velocity = 0.167%

type

AForce = array [1..9991 of Real;

vanr

filvar t texts

fname,filename ! string;

time,fo reals

top.ar,sl,defo ¢ real;

£ 2]

force AForce;

vocab strings
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Source code

program Computer_Prosgramming for_Food_Texture_Analysis;

uses Crt,Dos,Graph,Printer;

const
ScaleFactor = 3.647;
Velocity = 0,167
type

AForce = array [£1,.999] of Real}

var
filvar ¢ hext;s
fname,filename : strings

time,fo ! reals

top.,ar,sl,defo ¢ realy

force ¢ AForce;
vocab t strings
LineNo,ri,r2 ¢ integer;

MaxLine,LastLine : inteder:
rangel,randge2,m : realj

qutitichary
Ch : Chary
choice ¢ chary

function peak ! Real; {Find Peak of Curve}
var

Org,Max ¢ Real;

L t inteders
begin

Org:=0: Max:=0}

for L:=rl to r2 do
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if ForcellL1>=0rg then
begin i
Orgs:=ForcelL1;
MaxLines:=Ls
end
else Max:=0rgd;
peak:=Max;
topi=Max;
m:=(maxline-1)/10;
end;

function AreaUnderCurve $: Real; {Find Curve Areal}

var

Block : Real;

Area ¢ Realj
L ¢ {integer;
begin

Area:=03;Block:=03
for L:=rl to (r2-1) do
begin
Block:=((Forcel LI+ForcelL+11)/2)%0,0167;
Area:=Area+Blocks
end;
AreaUnderCurve:=Areas
art=area}

end;

function Slope ¢ Real; tFind Slopel}
var

begin
st=((Farcelr2l-Forcelr11)/((r2-r1)*0.1)});
Slope:=s;
sl:=s;

ends

function Deformation : Real; £Find Deformationl3
var

d : realy
begin

di=Velocity*((r2-r11#0.,1)%

Deformation:=d:
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defoi=d:

end

function Average : Real; {Find Mean Probe}
var

Sum : Realy

L ¢ inteder:
begin
Sum: =03

for L:=1 to Lastline do
Sum:=Sum+ForcelL1;
Averade:=Sum/LastLline;
end;

function 0ffsetCo ¢ Real; {Find Offset Constantl}
begin
'Offse£Co:=((Average/ScaleFactor)*(—1));

end:

procedure Setwindow(UX,UY,LX,LY:Bytes BG,TC:Byte);
begin
Window(UX,UY,LX,LY}; -
TextBackGround(BG)
TextColor(TC);

ends

procedure getreal(var fireal)$ {Change Real to Intederl’
vap

ch ¢ chars
str ¢ string:
size ! intedgery

X,¥yyerror : integer;
point t boolean;
begin
str:='"'s;point:=false;
stzet=textwidth(*' ');
xs=getxjy:=dety;
repeat
cht=readkey;
if ch in ['0'..'9']1 then
beéin )

strt=concat(str,ch)y



outtextxy(x,y,ch)
x:=x+size}
end
else
if (ch='.'land(point=false) then
begin
point:=true;
stri=concat(str,ch);
outtextxy(x,y,ch);
x:=x+size}
and
else
if (ch = #8)and(length(str)>0) then
bedin
str:=copy(str,!,length(str)-1);
setfillstyle(l,detpixel(x+8,y));
bar(x-size,y,x-1,yt+textheight(’' *'))
Xt=x~sizes
end
else
it ch<>#13 then
bedin
sound(2000) sdelay(20) snosound

ends
until{ch=#13)or(length(str)>10)and(length(str)>0)}
val(str,f,error)}
end:

function dgetfilename : stringy {Open Filel}

var
data : array [1,.5001 of stringl121;
amount ¢ integer:
dir s strings
save ¢ string;

filename : string:

procedure list; {Search Filel
var
temptsearchrec}
i,errortinteder:
begin

amount : =03
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findfirst('*%.prn',.archive,temp);
while doserrar=0 do
begin
amount : =amount+13
datalamount I:=temp.name}
findnext (temp):
end

end;

procedure colaor(ca.bkiinteger);
bedgin

textcolor(co)ijtextbackground(bk);
end

function selectistring: {Select Filel}
var
i,top:integer;
chichar;
begin
window(60,5,78,25)
i:=1;gotoxy(1,1);top:=1;
while (i<=20)and(i<=amount) do
begin
writeln(datalil)s
inc(i)s ;
end;
is=1;3
repeat

color(15,3);
gotoxy(l,i)swriteln(datali+top-11)}

ch:=readkeys
if (ch=#0) then
begin
ch:=readkey}
if ch=#72 then
if (i in [2..201) then
begin
00105(7.0):
dgotoxy(l,i)jwriteln(datali+top-11)}
dec(il;
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color(15,3)3
dotoxy(l,iliwritein(datal i+top—-11)}
color(7,0)3
end
else
if (i=tJand(top>1) then
bedin
dgotoxy(l,1)3color(¢7,0)}
writeln(datali+top-11);
gotoxy(i, 1)
inslines
top:=top—-1}
color(15,3);
gotoxy(1l,i)swriteln(datali+top—11);
color(7,0)%

end;

if ch=#80 then
if (i in [1..191)and(i+top-1<amount) then
bedin
color(7,0)
gotoxy(l,i)jwriteln(datali+top-11);
inc(i)s
colar(15,3);
gotoxy(l,i)swriteln(datali+top-11);
color(7,0)
end
else
if (i=20)and(top+20<amount) then
bedin
color(7,01;
gotoxy(1,20)swriteln(datali+top-11);
gotoxy(1l,1);
delline;
top:=top+1;
color(15,3);
gotoxy(l,1)swriteln(datalittop-11)}
color(7,0);
end;
end; _
unt il (ch=#13lor(ch=#27)

color(7,0)swindow(60,5,78,25) ;clrscr;
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window(1l, 180,254
it ch=#27 then
- select:=""'
else
selectt=datali+top—-11;

end;

begin
repeat
fnamet:="'";
window(15,1,65,3)3color(14,2)3clrscrs
gotoxy(l,2)}
write(' Enter Your Directory -> 'JsreadIn(dir);
getdir(Q,save);
chdir(dir)jgetdir(0,dir);
color(7,0);
list;
filename:=select}
fname:=filename;
getfilenamet=concat(dir,concat(filename))
chdir(savé);
until (filename<>'');

end;

procedure DrawGraphy {Create Graph?l
type
data_rec=record

tireal;
deireal;
end;
var
f t text:
data ¢ arrayL1,.9991 of data_recs
amount : integer;

tempt,temp2 1§ real}

buf : string;
temp_str t strings;
gd, gm - ¢ intedery

i

e

integer;
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reals

posX :

scaleX : realy

scaleY : real
-XO,YO s integer;

max,min, init : intecgers

saveX,saveY ! integer;

procedure I[nitScreenj{Detect Graphic Mode and Create Background}
var
gd, gm: integer
begin
gd: =detect;
initeraph(gd,gm, ' ')
setfillstyle(8,1):bar(0,0,640,480)3{Background?
setfilistyle(l,15)3bar(0,5,400,340);{Graph
setfillstyle(l,7):bar(420,5,630,340)3{Left windowl
setfillstyle(1,7)3bar(10,360,620,470);{Right window}
end;

procedure putpixel_(x,y,ctinteger):
begin 3
putpixel(x,330-y,c):

end;

procedure line_(xl,yl,x2,y2:inteder);
bedin
l1ine(x1,330-y1,x2,330-y2);

end

procedure lineto_(x,y:integer);
begin
lineto(x,330-y)3

ends;

procedure moveto_(Xx,y!integer)s
begin )
moveto(x,330-y)s

end}

function real2stri(r:reall:strind; {Change Real to Stringl

var



buf "t string;
i,c ! integer;
a ¢t longint;
begin
bufs="'"'3
if (r=0.0) then
hedin
real2str:='0,0";
exits
end
else
begin
at=round(abs(r)*10000)

c:=0}%

for ct=1 to 4 do
bedin
it=a mod 103
buf:=chr(i+48)+but;
a:=a div 10

end}
buf:='.'+buf;

repest
ir=a mod 10;
buf:=chr(i+48)+bufi
ast=a div 10:

until(a=0);

end;
if (r<0) then
buf:='-"'+pufs

real2stri=buf;

end s

procedure outtextxy (x,y:intederissstring);
bedin

outtextxy(x,330-y,s);
end; '

procedure graph_areaj; {Show Curve Areal



var
i ! inteder;
sum,dif ¢ real;
ch : char:

choice : char;

procedure detaili {Show Answer}

begin
setfillstyle(1,713bar(420,5,630,340);
settextstyle(DefaultFont, HorizDir,0);
setcolor(1);outtextxy(430,50,‘Peak of Curve ')
setcolor(4)jouttextxy(570,50,real2str(peak) )
setcolor(1l)jouttextxy(430,70, 'Point of Peak ='};}
setcolor(4)iouttextxy(570,70,real2str(m));

end;

begin
setfillstyle(1,7);bar(10,360,620,470);{Right window}
moveto(100,390);
outtext( 'Enter Range for Peak')s
moveto(100,410)
outtext('From :° '}
getreal(rangetl);
moveto(340,410);
outtext('to ¢+ ')
getreal(range2);
if (randel>range?2) then

begin

end
else
begin
i:=1;
while(i<{=999)and(rangel>datalil.t) do
inc(i)s
ris=is
t1=1;
while(i<=999)and(range2>datalil.t) do

inc(i)s

setcolor(l)
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posX:=X0+((rl—-1)*kscaleX)
moveto_(round(posX),y0)}
for {:=rl1 to r2 do
begin
lineto_(round(posX),round(datalil.d¥scaleY)+Y0);
posX:=posX+scaleX;
end}
posX:=X0+((r2-1)%scaleX)
lineto_(round(posX),y0)s
posX:=X0+((rl-1)¥scaleX)
moveto_(round{(posX),y0);
posX:=X0+((r2-1)¥scaleX);
lineto_(round(posX).y0)
setfillstyle(1,3)
floodfill{round(X0+(((ri+r2)div 2)#¥scaleX)),
330-(round(datal(ri+r2)div 2]1.d*%scale¥Y/2)+Y0),1)}

end}

detaily

end:

procedure a_s_d; €Show AreaUnderCurve, Slope, Deformationl}

procedure € areas

var
i ¢ inteder;
ch : charg
begin

setfillstyle(1,7);bar(10,360,620,470);{Right windowl
settextstyle(DefaultFont, HorizDir,0);
moveto(100,390) jsetcolor(l)}
outtext('Enter range for AreaUnderCurve, Slope, Deformation');
moveto(100,410);
outtext('From )3
getreal(rangel);
moveto(340,410)
outtext('to : ');
dgetreal(ranged);
'if (rangel>range2) then
bedgin
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and
else
bedin

it=1
while¢(i<=999)and(rangal>dataltl.t) do

-

inc(ids;

while(i<=989)and(range2>datalil.t) do
inc¢i);

r2:=is

setcolor(l);
posX1=X0+((rl1-1)%scaleX)
moveto_(round(posX),y0l};
for it=rt1 to r2 do
begin
lineto (round(posX),round(datalil.d¥scaleY)+Y0)}
posX:=posX+scaleX;
end:
posX:=X0+((r2-1)%scaleX);
lineto_(round{posX),y0)
posX:=X0+((ri-1)*scaleX);
moveto_(round(posX}),y0);
posX:=X0+((r2-1)%scaleX)
lineto_(round(posX),y0);
setfillstyle(1,3)
floodfill(round(X0+(((ri+r2)div 2)*%scaleX)),
330-(round(datal(rl+r2)div 2]1,.d%scaleY/2)+Y0),1)

end;

end;s

procedure Draw_graph;
var i:integer;
bedin

min:=1;max:=1;

for 1:=2 to amount do

bedgin

if ((datalil.d)<datalminl.d) then
min:=i

else
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i+ ((datalil.d)>datalmax]1.d) then
max:=i
end;
gsetfillstyle(1,15)3bar¢9,5,400,340)3{Graphl}

scaleX:=350 / amount}
scaleY:=250 / (datalmaxl.d-datalminl.d)}

X0:=20;

if (datalminl.d>0) then
Y0:=20

else

YO0:=20~round(scaleY*(datalminl.d) )

setcolor(7)}s

l1ine(X0,15,X0,320)

line(10,330-Y0,380,330-Y0)

line(£0-10,330-round(scaleY%round(datalmaxl.d))-Y0,X0+10,
330-round(scaleY*round(datalmaxl.d))-Y0);

setcolor(5);

outtextxy_(l,round(scaleY*round(datalmaxl.d))+Y0+4,

copy(real2str(round(datalmaxl.d)),.1,
length(real2str(round(datalmaxl.d)})-5));

outtextxy_ (X0-10,Y0-5,'0');

setcolor(4);

posX:=X03
moveta_(x0,y0);

for {:=1 to amount do
begin
if ((i-1) mod (amount div 30)=0) then
begin

setcolor(7);

line_(round(posX),y0-5,round(posX),y0+5);

if ((i-1) mod ((amount div 30)%5)=0) +then

begin
setcolor(0)jsetlinestyle(0,0,2)}
line_(round(posX),y0-5,round(posX),y0+5);
temp_stri=copy(real2str(datalil.t),1,
length(real2stridatalil.t) -3

setcolor(hi
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outtextxy_(round(posX-5),y0-5,temp_str)
setlinestyle(0,0,1);

end;

moveto_(round(posX),round(datalil.d¥%scaleY)+Y0)}
setcolor(4)

end
posX:=posX+tscaleX;
end:

posX:=¥X0;
moveto_{(x0O,round(datalil.d¥scaley)+y0);

for i:=2 to amount do
begin
posX:t=posX+scaleXs
lineto_(round(posX),round(datalil.d¥scaleY)+Y0)}

end
end;

begin

draw_graph2;
g_area;

gsetfillstyle(1,7)3bar(420,5,630,340)%
settextstyle(DefaultFont, HorizDir,0l};
setcolor(l)jouttextxy(430,50, " 'AreaUnderCurve :'}}
setcolor(4);outtextxy(570,50,real2str(ArealUnderCurve));

setcolor(1l}jouttextxy(430,70,'Slope ')
setcolor(4)jouttextxy(570,70,real2str(Slopel);

setcolor(1l) jouttextxy(430,90, 'Deformation A
setcolor(4)jouttextxy(570,90,real2str(Deformation) )

sett'illstyle(l,7);bar(10,360,620,470);{Right window}
setcolor(l)jouttextxy (180,400, '‘Press [E] for New File');
setcolor(l)ijouttextxy(180,420, 'Press [Q] for Quit to DOS')}
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setcolor(l)joutbtextxy(180,440, 'Press [P] for Print to Printer'):

repeat

choice:=readkey?

if (choice='E')or(choice='e'} then quit:='N*
else
if (choice='Q')or(choice='q') then quit:='Y"’
else

if (choice='P*'lor(choice='p'}) then

begin {Print to Printer}
write(lst,fnames 18}
write(lst,'P =':10);
write(lst,tops7:3)3
write(lst,'A =':7)
write(lst,areaundercurve:7:3);
write(lst,'S ='317});
write(lst,slope:7:3);
write(lst,'d =*217)3
write(lst ,detformation:7:3)
write(lst,chr(10) )
write(lst,chr(8));

end

else
begin
sound(2000) ;delay(20) jnosound;

ends
until <(upcasel(choicel)='E"')
or{upcase(choicel)='Q")
or(upcase(choice)="'P"');
end;
begin
assign(f,Filename)}

reset (f})3

readIin(f.but):



readIln(t, buf)
readIn(f,buf)

amount : =0;
while(not(eof(f))) do
begin
readIin(f,templ,templ)
inc(amount) ;
datalamountl.t:=templidatalamountl.d:=templ;
end;

close(f)

min:=1jmax:=1;
for i:=2 to amount do
begin
if ({(datalil.d)<datalminl.d) then
mins: =i
else
if ((datalil.d)>datalmaxl.d) then
max:i=i

end;
InitScreens

scaleX:=350 / amount}
scaleY:=250 / (datalmaxl.d-datalminl.d);

X0:=20;

if (datalminl.d>0) then
Y0:=20

elsé
Y0:=20-round(scaleY#(datalminl.d))}

setcolor(7);

1ine(X0,15,X0,320);

line(10,330-YQ.380,330—Y0);

1ine(XO—lO,330—round(scaleY*round(data[max].d))—YO,X0+IO,
330-round{scaleY*round(datalmaxli.d)}-Y0);

setcolor(5);

outtextxy_(l,round(scaleY¥round(datalmaxl.d))+Y0+4,

copy{real2str(round(datalmaxl.d)) .1,
length(real2str(round(datalimaxl.d)}}-5));
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outhextxy_(X0-10,Y0-5,'0"')}

setcolor(4)

posX:=X0;
moveto_(x0,y0)

for i:=1 to amount do

begin
if ((i-1) mod (amount div 30)=0) then
begin
setcolor(7);
tine_(round(posX),y0-5,round(posX),y0+5);
if ((i-1) mod ((amount div 30)%5)=0) +then
begin
setcolor(0)ijsetlinestyle(0,0,2)}%
line_(round(posX),y0-5,round(posX),y0+5);
temp_stri!=copy(realZstr(datalil.t), 1,
length(real2str(datalil.t£))-3);
setcolor(5)
outtextxy_(round(posX-5),y0-5,temp_str);
setlinestyle(0,0,1)3
end;
moveto_{round(posX),round(datalil.d*scaleY)+Y0)}
setcolor(4)
end;

posXt¢=posX+scaleX;

end §

posX:=X03
moveto_(x0,round{(datalil.d¥scaley)+y0);

for i$=2 to amount do

begin
posX:=posX+scaleX;
lineto_(round(posX),round(datali{]l.d*scaleY)+Y0);

end}

D]

ettextstyle(DatagultFont, HorizDir,01¢
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setcolor(1l)touttextxy(430,40, 'Mean Froce with Probe');
setcolor(1l)ijouttextxy(520,60,'="')}
setcolor(4)touttextxy(540,60,real2str(Averadge)
setcolor(l)iouttextxy (600,60, 'Kg');

setcolor(i) jouttextxy(430,100,
setcolort(l)iouttextxy(430,120,
setcolor(1l)jouttextxy(520, 140,

*Add This Value to Offset’')i
‘Constant ')

1=ty

setcolor(4)iouttextxy(540,140,real2str(0ffsetCo) )

setcolor(l)iouttextxy(600,140,

setcolor(l)jouttextxy(430,200,

‘mV*')s

'Offset Constant Should')}

setcolor(1)jouttextxy (430,220, 'he Very Close to Zero')}
setcolor(l)joutbextxy(430,240,'(+/- 0.01 KG) ')}
setcolor(l)joubtextxy (200,400, 'continue? (Y=yes or N=no) ');
repeat
cht=readkey:
if (ch='Y')or(ch='y') then <graph_area
else
if (ch='N'jor(ch='n') then
begin
closegraph;
clrscry
end
else
begin
sound(2000) 3delay(20) jnosound:
end;
uyntil(upcase(ch)='Y')or(upcase(ch)='N"');
setfillstyle(1,7)3bar(10,360,620,470);{Right window}

setcolor(l)jouttextxy(180,390, 'Press [A]
setcolor(1l)jouttextxy(180,410, 'Press [E]
setcolor(l) jouttextxy(180,430, 'Press [Q1l
setcolor(1)jouttextxy(180,450, 'Press L[P]

repeat
choicet:=readkey;
if (choice='A')ortchoice='a")
else

it (choice='E'lor(choice='a'}

for
for
for
for

then a_s_d

then guiti='N

More Information'):
New File'}s

Quit to DOS');
Print to Printer');
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else
if (choice='Q')or(choice='q') then quit:='Y"
else

iff (choice='P')or(choice='p') then

bedgin {Print to Printer:
write(lst,fname:18)}
write(lst,'P =':10);
write(lst,tops733)3
write(lst,chr(10));}
write(lst,chr(g)i;

end

else
bedin
sound(2000) sdelay(20) snosound;
end}
unt il (upcaseichoice)='A')
or(upcase(choicel='E")
ortupcase(choice)="'Q"')

or(upcaset(choice)='P")
end

bedgin {Main}
repeat
Clrscrs
filename:=""}
FileName:=detfilename;

clrscr}

assign(filvar,filename’

reset(filvar)}

readin(filvar,vocab)i
readIn(filvar,vocab)i

readln(filvar,vocab)}

LineNos=1}
while not Eof(filvar} do
hedin

read{(filvar.timel;



end.

readln(filvar,foli
rforcellineNol:=fo}
LineNo:=LineNo+t}

end

claose(tilvar);

LastLine:=LineNos

quibts=" '3
DrawGraphs
closegraphs

until(guit='Y"');

closegranhs
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