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  Samples ol' heatcd ground  rneat  with  diiTering water  c:onte]it  CappruxiiiLttLel}, 44-66%)  a]Ld  graTiular
size  (approxiinately. 2-9 mm)  were  prepared t'or sensory  distinctiuTi tests on  hardness and  size,  and  the

sensory  seores  were  exainined  in relatien  to the  -zater  content,,  grariular size,  alld  hardness measured

with aii insh'umeiit.

  Different hardness could  be disLinguishcd between two samples  with  Lhe same  granular size  when  1,hf:
water  euntent  differed by 5-9%,  Based  en  the water  eentent,  the  Weber  ratie  for hardness distinction

ranged  froiu O.16 to O.08 and  was  negatively  correlated  with the grariular size.  Based on  the har{lness

measured  with  an  instrument, the  Weber  rat,io t'or ILardncss distinc.:Lion raiiged  froin U.58 to O,20 t'or

samples  "nth  a higl-vater eontent,  and  it ranged  from O,16 te O,08 l'or saniples  with  a low water  content.

Both values  were  negaLively  cerrelated  wiLh the  grariulai' size.

  DitTerent  size  cou]d  be  disLinguishe)d between two  sanlples  wiLh  t,tte saine  "vater  c/cmLent  but  ditl'eri-g

in size  by a  factor of  approxiinately  1.51 for all the sttmple  pairs, When  the  t,wi) sEnmpEc}s  diffcred in size
by a  factor ot' apprexiinately  I.23, the lirriit for size  disLiHction depended  on  the xvater  conte.nt  of  the

samp]es,  Nwhich  ranged  from approxiTnately  56 to 6596 . The sarnptes  iajth a  large granular size  neec!ed  a

hlgh water  content  {'er size  distinctlon; i'or t,hose samples  at  t,he lirnit ef  size  ciistiuctioTi,  the tiardness

measure{1  with  an instrument was  witl-in a  constant.  rat)ge  regard]ess  oE' 1,he grannlar size.

                          (Reeeived February 5, 1999; Aceepted  in revised  t'orni ,hnne 5, 1999)

Keywords: sensor'y  evaluation,ground  ineat,  sizedisti]ietion,  harclness measurerrieiit,  "iebe.r raLio.

               INTRODUCTION

  C]round meat  dishes were  introdueed  to provide an

effective  use  for meat  off-cuts, but they are  now

considered  quite respectable  menu  items. The meat

patty is the most  popular ground rrLeat dish, As  well  as

tlie taste and  odor,  texture is an  important factor for
the tastiness of meat  patties.

  Wani et at. (1982) have reported  that the character-

istles ot' the meat  grains in a patty (granular size

and  distributjon) were  important for objectively

expressing  the  texture  of  meat  patties, and  t/hat these

characteristies  were  highly correlated  with the ulti-

mate  fracture strengtin  or  ivith  the coeffic:iept  of

viscosity  evaluated  by  the conLpressive  punch  method.

Izutsu et  al. C]980) have  showrL  that, the most

important sensory. factors in the texture ef  a meat

patty uere  the geometrica] chara,cteristies  aeeurding

to the  classification  by Szczesniak Cl963), and

particularly"nikuryukan" (the size  and  amount  of

meat-like  granules) wiiich is expressed  by the

required  cutting  energy  xvith  a  knife. The  authors

(Imai et  al. 1994) have previotisly prepared  meat  patty

sarnples  from grollnd meat  of  differing graRular size.,
and  examined  the efi'ect ot' granular sjze on  the

physical propert{es and  sensory  distinction of Lhe

samples.  The  results  ot' sensori,  tests iltdicated t,bat

the 
``jl]iciness'i

 arld st,rellgth  of  
"lllTlani"

 wel'e  llot  il'L-

fiuenced by the granuiar size, but that the rheolc)gical

properties, ineluding 
"nikur}vka,n;'

 did depelld on  the

granular size. The effeet  of the granular size  iwas in
Lhe  orcler  of beef>pork>c:hicken  and  was  further

investigated by  measuring  the  granular size  of  the

meat  grains and  the  physical properties ot' t,he

resulting  meat  patties, However,  it, is still necessary  to

exarriine  Lhe degree  of  distinetioii of  granula,r size  for

ground meat  itself, in which  the mefit  grains are  not

adhering,  unlike  the ense  -dth  meat  patties,

  In regard  to the size  ctistinetion  of  food partic:Ie.s,

the authors  have recent]y  examined  the relationship

(12Z3) 7'
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between  the degree  of particle size  distinetion and

the physical properties for parLicles or Less Lhait 500

um  in size  (Imai et  al. 1998, 1999), but no  st,udies

were  made  on  large grains,
  In this present study,  samp]es  of heated ground
meat  were  used  to clarify the degree ot' sensory

distlnetion of  the hardi}ess and  size uf' ineat  grai]s,

and  to investigate the granular size c)f meat  grajns

and  the hardness measured  with an  instrument in

reration  to their size and  hardness pereeived in the
mouth.

         MATERIALS  AND  METHODS

Materials

  Internai and  external  ham  was  takcn froin pigs with
an  average  body  "eight  of  103 kg that  had  bcen  bred

t'or 190 days at the  Hanamaki  Kanegasaki Stock Farm

(Kanegasaki, Tanzawa,  Iwate Prefe¢ t,ure, ,Japan), "ns

cut  into pieces after  3 days of  ripening,  ancl  then

miiiced  3 da},s after,  The  fat in the  pork  "us  parLially
removed  wiLile being cut  into pjeces, aRd  the

remaining  fat and  sinews  xNere  removed  "inen  being
rninced.

Preparation  of  tihe samples

  The  meat  was  minced  with  a  rneat  grlnder (Career
Kegye,  GM-DX  mDde]),  using  plates wlth  ot'ifices of

3.4 or  6,8mm  in diameter, The  meat  temperature  was

3-4℃ before and  4-5℃ after  grinding, and  all tlie

grinding conditions  selected  were  the  mosL  suitable,

AppreximaLely 300g of  the ground mcat  ues  put iii
indjvidual freezer backs (,Jupan Sanibaek, 160X220 ×

O,07mm)  and  immediately plac:ed in an  air-draughL

freezer (-35℃ internal temperature  and  5mJs  air

ve]ocity)  to quick-freeze the ground rneat  do"n  to
-30 ℃ . Ench  ground meat  back  took Zl- 24 miiL to

complete]y  freeze, and  the frozen backs  were  storcd

in a freezer at-30 ℃ .

  Before preparing eaeh  sample,  the frozen ground
ineal, iwas thawed  for about  20h  tn the cthitlirLg

compartment  (O±2℃ ) ot' a  refrigerator.  Table 1

shoscB  the general compositien  of  the  ground meat.

  The  thawed  ground Tneat  C150 or  300 g) was  put
into an  elliptical  inold  (21cm in diameter) on  a  hot

plate  (Toshiba HGT  20 B) at  140 or  160 ℃ ,
 and  wa.s

stirred  with t,we pairs of  long chopstlcks  at the rate  of

70 tiiueshnin  to unbind  the rrieat  grains.

  The heating period varied  from 2 to ]5min  to

prepare ground  rneat  with  a  water  eontent  of

approximately  45-65%,  The  cookecl  ground meat  "es

passed  through  nlne  type$  of  standard  sieve  (JIS 2,
2.l]6, 2,8, 3.35, 4, 4.75, 5.6, 6.7 and  8mm)  Lo obtain
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Table 1.

U999)

 Approximate  composirlon  oi the meat

. .-..-.99.Eipo.tt,i.ol-
        NVaLer:i

        1'roteinb

        Lipidc

        .,Nsllc[

..  .r. 7  {.//･g?. -. .7
          74. ,l

          2L4

           2.I

           LI

   
"Heat-drying

 methed  at l35℃ under  riorinal

   pressure. 
hMicro-K]'eldahl

 method,  
UBright-Dyer

   method.  d Direct mincralizatioii  met,hod.

eight  types of sample  with dtfferent graiiular size CA-
H  in order  of the grain size). About 200 samples  were

prepared  froin the eernbination  of eight, 1/ypes of

granular size and  45-6596 of  mater  content,

Measurement  (rf the granular size

  A  eoler-iiuage  analytieal  pr'oeessing deviee CMitani
Shoji IMC-512V8;  SPECTRUM  system)  xvas  used  to

measure  the  equivalent  area  diameter (the diameter
of  a  cjrcle  with Lhe  su,me  cross-sectional  area),

the  degree  of  circula,rity  (4r,Xareaf(cjrcumferenLial
lengLh)2', 1 for a circle), the maximuin  leTigth, artd

the lengths of  the Long axis  and  short  axi$,  assuming

an  elliptical  form, for about  100 grains of  each  sarnple

xwhich  had  been  photographed.
Measurement  of  the water  e(mtent

  Samples  A-H  (5g each)  were  dried for 2 h by  the

heat-drying method  at 135± 2℃ under  nermal  pres-

sure  aecording  to the JAS analytieal  tests. The

pereentagc  water  conteut  wtis calculated  as  (original
woight-weight  after  drying) f original  iveight]  × 100.
Measurement  of  the hardness

  A  sainple  Cl.2± O.05 g) Mvas  plaeed evenly  in a rice

cup  (24 rnin in diairiet,er and  6 mTn  iii depth), and  the

hardness  was  measured  with a texturometer  (Zenken,
lucite plunger of 18mm  dia, with 1.5mrn  c]earance)

by  Lhe iuethod  used  for plant proteins COkabe 1977).
Ttie valuc  Tneasurecl  iTi this vvay  is referred  to as

LLarditess M.
Sensory evaluation

  A  sampLe  of  approxirnately  1.2 g on  a spoon

covered  with a  paper  cup  was  served  to each  punelist.
The  pa]elist removed  the paper  eup  without  taking a

look at  the sample  and  put it into the mouth.

  The distinction test t'or the hardness amd  size of  a

sample  was  aeeerding  to the paired eomparison

method,  A  pair of samples  (X and  Y) were  served  to a

panelist, wiio put the  X sarnple  into the  mouth,

examined  the  size  xvith  the tongLie  and  Lhe upper  jaw
without che-tng,  and  then examined  the hqrdness

wlth  the back  teeth while chewing.  After the

(1224)
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evaluation,  the sample  was  sivallowed  or  spat  out  and

the  mouth  rinsed  welt.  Next, the  panelist put the Y

sarnple  into the inouth  and  cvaluated  the size  and

hardness  in the same  way.  The  panelist was

jnstrueted to eircle  one  of  three alternatives  for

evaluating  the sizc (X is bigger, Y is bigger, or  X  and

Y  have  the same  size)  and  the hardness  (X is harder,
Y is harder, or  X and  Y have  the  same  hardness),

  
'l'he

 two samples  were  served  jn the sa[ne

right-and-left  p()sition t/o half of  the  panelists, and

then  in the oppostte  right-and-left  position to the

other  harf of  the  pane]ists. The  sensory  eva,luations

were  conducted  in individual conLpartinents  in a

sensory  evaluation  room  under  red  light firoin 10:OO to

II/OO A.M. and  froin 2:OO to 4:OO i,.M. The  panelists were

20  members  of the Cookery  Seience  Laboratory  of

Ochanomizu  University ranging  in age  froni 21 to 24.

  The  date from  the evaluation  test with the right

anssver  were  treated by  the binomial test (one-sided
test) for the number  uf  people  who  gave the right

answer,  The  ans"er"'X  and  Y  are  the same"  was

eoTisiciered  as  the ivrong  answer,  The  data from  the

uva]uat,ion  test without  the  right  ansiver  were  treated

by  the t-test (the l,est for the average  by  a  pair of

samples)  for evaluating  the differeRc:e in the number

ot' the answers.

  The vaiue  pereeived  in the inouth  is reff'erred  to as

hardness S.

         RESULTS  AND  DISCUSSION

Granular size  of  the samples

  Table 2 shows  the average  value  for the granular
size  of each  sample.  The volurne  was  ealculated  from
measuremerits  of the long axis arrd short  axis  of  an

ellipse.

  Each sample  was  spirLdle-shaped,  and  the txvo-

dirnensional degree of eircularity  ranged  t'roin O.79 to
O.87, Samples A-C  ivere  more  spherical  thaii samples

D-II. The  size of each  sample  wu,s  2,I3-9.18mm  in

equiva}ent  area  diameter, 2.79-ll.4 mrn  in maximum

iength, and  4,06-334 mmi'  in elliptical volurne.  The

ratio  oi' granu]ar length between A and  B, B  aiid C, C
and  D, D  and  E, E and  F, F  and  G, and  G  and  H  wa,s

I,23 :aL- O,07, The wide range  of  granular size  gns  used

i'or the experiments.  The  granular size of a sarnple  is
expressed  by  the  e(luivalent  area  dieLmeter in this
study.Relationship

 between  the  water  conbent  of  a

sample  and  hardRess  M

  Fjgure 1 shows  the  ralationship  bebveen the water

contenl/  and  hardness  M  of  the amp]es  for eaeh

granular size,  For any  granular size, hardness M
inc:reased with dec:reasing wat,er  eontenL.  1]he "Et,er

content  and  hardness M  }vere highly correlal,ed.

  The  range  of  hardness  M  depended  on  the granular
sjze.  For exainple,  hardness  M  of the samples  "ith  a

water  content  of  44-66%  ranged  1'rein 7 Lo 3 kgf for
sample  A, and  ranged  from  Ie to 6kgf for $ample  II.
In other  "ords,  for sampies  with the same  N･vater

eontent,  hardness  M  depended on  Lhe granular size

and  increased with inereasing granu]ur size.

Mstinction  of hardness S
L Hardness  S distinetion between  two samples  with

   the same  granular size,  but difrering in wE}ter

   content

  A  sensor'y  evaluation  was  conducted  to determine

the srnalle.st possible ditTerence jn s･vater  content  ef

two samples  with the same  granular size  which

allo"ed  hardness S distinct,jon, The  sensorv  evaluatSon                                  v
was  condueted  on  samples  with bol/h high and  low
water  contents,  For the  sainple  pairs witlt a  high  water

entent,  a  sample  with  a  1vater  content  of approximate-

ly 66 %  was  pairecl with  another  sample  with  a  ivuter

coritent  of  C66-- O to 1e)%.  For the  sampie  pairs mdth

a low N-e.ter  content,  a  sample  with a  water  eontent  of

approxjmately  44  96 "ns  paired with  anothcr  sample  with

a i･vater eontent  of C44+ O to 10) %  . The  results  are

shown  in )iig. 2.

Table2, Granularsizesof the samples

E9.il2/ )i.g

A B c D E  FO.796.

 638.40124

G H

 Dca  o. s7 O. 86

 pl].]b z. 13 2. 66

 MDC  2, 79 3. 43

-1'i .1.- ..-1.t.Qg.-. . 
s･o{

 
'i])egree

 of  circularity,

  V elrea!n ; mm).

e.853.334,2515.8O.814.596.0039,9O.795.487.1667.7

       (l-nxarealcl'rcumt'evenee'/). bEgEI/ll'liiexi[

"
 Maximum  dtaxneter (rriin). 

[L
 Vo]Lunu  et' e]]ipsoid  Onmib,

                   {l22,,))

  O.81 O.81

  7.69 9.18
  9. 64 ll. 4.

   i94 334

area  diameter C2×
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40    50  60
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  N

    N

Y=-O.Z6X+22.1

  r-O.96

G

N

40    50 60
Water content  (%)70

                    40 SO 60 70 40  50  60  70

                        Water  content  (%) Water content  (%)

                        ite]atioiiship between  the unter  content  and  hardness M  of

                        the samples  for eac:h granular size

                 A'H/ cf Table 2.

  For sample  A  with a  high water  conterit,  bardiiess S "es  distinguishable between  two samples  with -eter

w}is  not  dist,inguishable bel,wc)en the sainples.  "ath  content  di[ference of 5,996, The  difference in wal,er

water  contents  of 64,7 and  56,3%  (8.4% differenee) content  necessary  for hardness  S distinetion ivas

but was  dist,inguishable betmeen  thc samples  with "dthin  thc range  frorn 5,4 to 5,996 forsampie H  with a,

water  eoiitenLs  of 65.3 and  56.0% C9.396 difference), high svater  cuntent.  Fer hardness S distinction
rPhe

 differenc/e in water  coritent  neeessary  for between  tKve samples  Cone with a water  conteiit  of

hardness S distinction xvas  within  the range  from 8,4 approximately  6696 and  another  sample),  the neces-

to 9.3%  fuT' sample  A wit,h  a  high "anter  eontent.  For sary, difference in water  content  decreased  xvith

sample  H  wit/h  a, high wuter  content,  however,  iiicreasinggranularsize.

hardness  S iiELs not  disLinguishable between  two For sarnple  A  with  a  !ow water  c:ontent,, the

samples  ",ith a iivater  content  difference of 5.496 ,
 but differenee in water  content  necessary  ior hardness  S

  10 (1226)
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Fig.2. Sensory djstinguishability of hardness  be-

      tween  paired samples  with the same  granular
      size  and  differant water  content

O, distinguished a  hardness difference between the

sample  and  a  sample  with a  water  eentent  of  appoximat,ely

66%  e  Cupper figure), and  between the sample  and  a

sarnple  with  a water  content  ot' approximaLely  44%  e

(lo"er figure), ×
,
 coulcl not  distinguish a hardness

dif'fereiice between t,he sample  and  a sample  with a

"vater  content  ot' appeximately  66%  e  Cupper figure),

and  between  t,he sample  and  a  saruple  wit.h a  ueter

content  of  approximately  44%  e  Clower figure). A-
H: qf Table 2.

distinction was  within the range  from  5.5 to 7,OCts,

wiiich is 2-396 lower than  thut for tkte samples  with a

high water  content.  Samples B-･H with  a  low water

content  also  sho-ed  values  2-3%  Iower than those for
tbe samplcs  with a  high water  coRtent.  For  hardness  S

distinc:tion between two samples  (ofie with a water

content  of approximately  44%  and  another  sample),

the neeessarv  dift'erence in water  eontent  decreased          -

with increasing granular size.

  The  date from  the sensory  eva]uat･ion  Nvere  used  to

determine Lhe Weber ratio  CA llD for the hardness
distinction of heated ground  meat.  The  Wel)er ratio
was  determined from the }Neter  content  and  from
hardness  M,  which  was  calc:u]ated  by  substituting  the

water  conteRt  in the regression  equation  obtained

from  Fig. 1. The  value  lbr Ar  ivas  the dilTerence in
wnter  content  or  hardness  M  between  the  sample

pairs wiiose hardness  differe/nce "es  distinguishable

or  r)ot,  The vulue  for i wus  the  accurate  water'  eontent

or  hardness M  of  the sample  with  a  writer  content  uf

approximately  66 or  44%  for the samples  with high or

low gnter  eontenz,  Consequently, the vallle for AJ  of

the samp}es  with  a  high water  eontent  was  the Iow

limit of  the thresho]d vaLue  for hardness  distinction,
wiii}e the value  for A1  of  the  samples  with a low water

content  iwas  the  upper  Iimit of  the  threshold  value  for

hardness  distinction. Figure 3 shomB  the  Weber  ratio

plotted against  the ]ogarithm of  the granular size for

samples  A-H.

  The  Weber  ratjo based  on  the water  eontent  (left in

Fig. 3) rariged  from O,16 to O.08 for the sarnples  with

liigh and  ]ow  water  contents.  The  Weber  ratio

decreased  with increasing granular size  (t7<O.OOI and

p<O.Ol  for the samples  with high and  low  water

eontents,  respectively).  If the granular size  ivas  the

same,  the Weber  ratie  based  on  the ivater  content  was

almost  constant  and  was  independeRt  of the water

eonLent.  The  Weber  ratio  xvas,  thus, correlated  with

t,he granuLar size an{1 could  be expressed  by the
fellowing equat,ion  for samples  with  both  hjgh and  low

water  eontents:

  Weber  ratio=  
･--O.03× ln (granular size)+O,16,

                        r-:o.7g  cp<o,ool}.
  The  Weber  ratio  ivas  sirnilar  to or  smaller  than  that

based on  taste at  a  moderate  concent,ration  (Sato
1991; Tasaki  and  Ogawa  1989).

  The  Weber  ratio  ba$ed  on  hardness  M  Cright in Fig,

3) ranged  t'rorn O,58 to O,20 for the samples  with a
high water  eoTitent  arid  ranged  froTn 0,18 to O.08 for

the samples  with a  low  wate}'  content,  The  Weber  ratio

decreased  witb increasing granular size  for' the

samples  with  both  high and  ]ow wu,ter  contents  QJ
<O,OOI t'or both). The  samples  wi'th  a ]ow  -uter

eontent  had  a  similur  Weber  ru,tio  to that  based on  the

water  conteTLt  mentioned  in the previous paragraph,
The  sarnples  with a  high  "nter  content,  ho"ever,  gave
a Weber  ratio based  on  hardiiess M  that -vas  higher

than that based  on  the water  content,  When  the

Weber  ratio  for the hardness  S distinctiori was

deter'mined froin the hardiiess rneasured  by  the

texturomenter, the  value  depended  on  harclness M  for

the va}ue  of  l. It has been  recognized  that  the  Weber
ratio  for several  senses  wtis  constant  within a

moderate  range  of stimulus,  but increased when  the

stimu]us  svas  strong  or  "eak  (Sato 1991), which

applies  well  to the Weber  ratio based on  the hardness

measured  with  the texturometer.

2. Hardness  S distinetion between two sarnples  with

   1,he sarrte water  content,  but differing in granular
   size  by  a factor of  approximately  1.23, i,e,,

   beLiveeTi A  and  B, B and  C, C  and  D, D  and  E, E

   and  F, F  and  G, and  G  and  H

  A  sensory  evaluation  uras  eoTidueted  to exarrLine  the

(I227) ll
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abilitv of  hardness

hardness  S distination betiveen two  samples  with the

same  water  content,  but differing in size  by  a  t'actor of

approxiinately  1.23. The  results  are  shown  jTL Table 3.

  The  sensory  evaluat,ion  uns  repeated  5-10  tirnes for

each  sample  pair, iviiich  resulted  in 45 seiisory

evaluation  tests. For eaeh  sample  pair, the percent-
ages  of  people -tto  answered  

`iBoth

 sample.s  had  the

same  hardness,'' 
"The

 sample  with larger granular

size  was  harder" and"The  sample  with  smalLer

granular size  was  harder" "ere  determlned,

  W'ith alL the sample  pairs, 52.496 (on ayerage)  or

people ansxsrered  that 
"Both

 samples  had  the same

hardness.'' T"vrrty-seven poinL four percent Con
average)  of  people  answered  thaV"The  sample  with

larger granuLar size  "es  harder,"aiua 202%  (oii
average)  of  peop!e  answered  that  

"The

 sample  uith

smaller  granu!ar size  was  harder," The  percentages
were  stgnificantly  different Cp<O,OOI) from each

other  by the t-test. Only ivitrL  pair E-F  uzas  the

percentage  of 
"The

 sample  wlth  smaller  granular size

xvas  harder" slightly higher than that ot' 
"The

 sample

with  Larger granular size  was  harder,"

  12

  O.5

 sizebased

rrable
 3.

   1 1.5 2
  ln (granular s[ze)

and  the Weber  ratio

on  hardness M) for

 2.5

CLefL,
 the

Hardness  S djstinction bel/meen paired
samples  with  t,he saTne  water  conteiit  and

different granular size

Sainple n

Paiielists who  distingutshed

hardriess differenee i,
 {ig }

SameEi I.b s(,

A,BBiCC,DD,EE,FFiGGiH565658le55545552495050.o.2.o.5.o.6.525,O28.327,O30.825,O27,528.52e.o17.518.0l6.726.02L921.0

Average 52.4127.  aj.m20.2n
""Both

 sarnples  ha(i the same  h-ardness,bTtie larger

  granular-size sample  ues  harder.  
"Tbe

 smal]er  granular-

  size. sarTip]e  was  harder.  
i'iiMeans

 in the  saJne  row  with

  di['['erent letters are  significantly  different, at  p<O.OO1.
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SensorV Distinctioii of  Hardness  and  Sizc.. of  Meat  C]rains     '

  As  is shown  in Fig, 1, t,he hardness measured  with

the texturometer  increased witLL  iTicreasing granular

size  s-inen  the wa{,er content  was  constant.  Conse-

quently, it rnay  be natural  that people "ould  tend  to

fee} that t'rlihe

 sample  "tith  larger granular size was

harder.''This aspeet  was  next  investigated. The

Weber  ratio fer tlrLe sensory  hardness distinetion
based on  hardness M  is sho"m  en  the right  side  of

Fig. 3. Hardness S of twu smnples  is not  disti]iguish-
able  if the "'eber ratio of the samples  is sinaller than
the Weber  ratio  in the graphs. With  45 pairs in this

experiment,  hardness  M  was  ealculated  from  the

water  cona,enL  of each  sampte  by using  1,he appropri-

at,e ragression  equat,ion  in ]I]ig. 1, Hardness  A4 ivas

used  to deterrnine the  "Jeber ra,tio  ot' the  paired

samples,  vinich  xwns  compared  with t,he vaLues  in Fig.

3. AEthough Fig. 3 shovB  the Webcr  ratio  in

eomparison  only  with the sample  with a  water  eontent

of  either  appvoximately  66 or 4496, it wa$  presumed
that hardness  S ivas  not  distinguishable between  the

45  pairs.

  Arnong  the  45 pairs ef  saruples  with dit'ferent

grapular size,  the  differen¢ e  jn size  was  distinguished

in sorne  pairs bttt not  in others,  whlch wi]1  be
described in the next  paragraph. It･ ivas  examined

whether  or  not  hardness S  distinction "･zas influenced
by the distinguishability of  the granular size.  The

percentages of answers  
"Both

 sareples  lrad {,he saine
hardness," "The

 sample  with  larger granutar size  was

har'der," and  
'`The

 sample  with smaller  granular size
was  harder" were  51,7, 27,5 and  20,8%, respeetive].v･,
f'or the pairs  whose  gr'aiuilar size  could  he distin-

guished. 
rl'he

 equivalent  percentages  were  54.0, 25,7
and  20,3 Cra for the pairs iwhose  granular size could  not

be (listinguished.  Wheri the percenLages  for eaeh

ansxvar  were  treated bv a  test of  the ra,tio  difference                  v

(Tsu]'i and  Arima  1991) betwnen the pairs whose size

difference was  distingiiishable and  not  distinguish-
able,  there was  no  sigJiificant difference. Hardpess S
dist,inction "ns  thus shown  to be independent of size

distinction.

  ]?or the saTuple  pairs whose.  hardness  was  not

thought  to be distinguishable, about  half of the panel
eould  noL  djstingllish the hardrress differenee. About
27%  or  the panel felt that the sample  uath  larger

granular size  wus  harder, iwhich  wris  sigrijfi'caTTtLy

higher than the percentage of people Lwho  felt that the

sample  with smaller  granular size  was  harder.

Djstinctiom of  the granular  size

1. Granu]ar size disitinction between sainp]es  with
   the same  wn,ter  eontent

  A  size  distinction test ivas  conducted  on  two

samples  ivith  a]rriost the  same  wnter  conl/ent  but
differlrLg in granular size  in order  to investigate the

sma]lest  possible difference in granular size which

could  be  sensori]y  distinguished, As a  result  of the
sensory  eva]uation,  size distinction "vas pessib]e u･ith

any  sairtple pair differing in granular size by more

than  a  factor of  approximately  1.51, "inich  included

pairs A-C  and  B-D, With  two  sample  pairs difi'ering in

granular size by 
'a

 taet,or of  approximately  1,23,
howT}ver, the  size  distinguisltabllty depended on  the

water  content  (Fig. 4); for pair A-B, for instance, size

differenca -ns  disl.irigui$hable iwhen  the water  content

"ns  less than approximate]y  56%,  but "vas  not  dis-

tinguishable wiien the "vater  content  xvas  more  than

5996. The. water  eonl,ent  necessary  for size distinction
tended  to inerease with  inereasing granular size  ot'

the  pair; ivith  pair G-H,  size  difference was  distin-

guishable between  the samples  with a  water  eontent  of

less than  approxirnately  65%.

  It was  foimd 1/hat the granular size  difference was

generally distinguishable for heated  ground meat

when  two samples  ciii'fered in grarmlar size  by  a  factor

of  approxiinately  1.51. For eertain  granular-sjze pairs,
the size ditTerence "vas distinguishable by  a factor of

approximately  1,23. In other  worcls,  size dirference

65

ge60:8g55;･

;t 
50
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lgtL･$-2g"S-k
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x
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        tt
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    mpo

..  v.
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          LO"

   "LO"
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-
 
-
 
-

               ABCDEFGH

                      Sample

   Fig.4. Distinguishability of granular size differenc/e

          betweem paired samples  with the same  water

          c{)ntent  and  different graJiular size

    O, distlngnished a  size  differenco bet,ween paired samples.

    ×
,
 couid  not  distinguish a  size  differenc/e between  paiT/ed

    samples.  ALH/ cf Tab}c 2.
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"vas  distinguishable with a  Weber  ratio  ef  O.23 iii some

cases,  iwhich  conforins  wi1/h the  results  of  previous
studies  on  the size  distinction of  food particles less

than  500/tin ln size  (Imai et  aL  1998, 1999).

  The watei' coritent  of  saTnples  and  their hardness

measured  with  a  texturorneter were  examined  to

invest,igate the graniilar size  range  in wiiich size

distinctlon was  impossible between two saiuples

differing in size  by  approximately  1,23 times, Figure 5

shows  the relationship  between  the granular size  and

the accturately  measured  water  eontent  of  each

sample  for pairs, and  the re]ationship  bet,xveen the

granuLar stze  and  hardness  M  caleulated  for a  knoun
water  eontent  from  the regression  equation  in Fig. 1.
  The  water  content  at  the Limit ot' size  dis-

tinguishability wa,s positively eorrolated  with  the

granular size, and  the water  content  inereased with
increasing granular size Csee the left side  of Fig. 5, p
<O.OOI). On  t,he ot,her  hand, no  correlat,ion  ivas

apparent  between  hardness  M  and  the granular size

(see the right,  side of  Fig. 5). Harclness M  ol all the

samp}es  in this experiment  "as  in the approx}mate

range  from 3 to 11 kgt' as  is shoLvii  jn Fig. 1, Limiting
hardness A4 for sensory  size dlstinction between
samples  differlng in size by 1,23 times, hoivever, was

found to be in the range  t'roiTL 4.2 te 6 kgr, regardless

of the granular size under  the cor]dit,ions used  in this

experiment.  As has been discribed in the previous

paragraph, twa samples  with the same  wat,er content

dM'ering in granular size by approximately  1.23 were

sensed  t,o have the saine  hardness, There has also

heen a report  CSzczesniak et al, 1963) of the hardness
measured  with a t,exturomeLer being highly correlated
with the sensory  hardnes$. It is suggested  tbat the

size distincLion between two  samples  differing in

grantilu,r size  depended  not  on  the  size  of  the  grains,

                  70
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                     (123e)
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L･,o}, r)O No,  12 C1999)

   but on  their sensory  hnrdness  and  on  their  hardness

   rneasured  with  a  texturometer.

   2. Size dist,inctton between  samples  of  t,he same

      granular size  diiTaring in water  eontent

     The  resLilts  from  the previous paragraph  that  the

   size  disttnction of  the grains depended  on  their

   hardiiess eiicouraged  us  Lo eondueL  a  size  distinetion

   test on  tive samples  with  the sarne granu]ar size but

   differing in water  content,  i.e,, differing in hardness,

   wiiieh may  have  caused  a  differenee in the perception
   of  size  in the mouth.  Table 4 shows  the results  of this

   sensorvevaluat,ion.

     With 5-9 pairs of each  glanular size, a total of 56

   pairs  were  subjected  to the sensory  evaluation.  

rl'he

   difference in ivater  eonteiit  between the t"e samples

   ranged  from 2.6 to 9,9%, The percentages  ef  the

   pane} iwho  answered  Lhat 
'`The

 samples  liad the saiue

   size," 
`'The

 sainpLe  with lower water  eontent  was

   Iarger'' and`'The  sample  with higher water  content

   was  larger"were det,ermined for all sample  pairs,

   "Jhile the results  oi the size  distinction tests varied

   xvith the granular slze, therc) was  no  significant  trend.

   For any  granular size, 53.3% (on average,  44-6396)

   of the panel answered  that, the two samples  had the

   same  size, 27.7%  Con average)  of  the panel answered

   that the  sample  with  lower water  centent  was  larger,

   and  18.9%  (on average)  of  the  panel answered  that

   the sample  with  higher water  eontent  was  larger.

   There  ivas  a  signil'ieant difference Cp<e.OOI) arnong

   the  percentages  for the three answers,

     Size dlstinction tvas  examined  in relation  to the

   hardness distingutshability between  t,he paired sam-

   ples. The 56 pairs were  divided into two groups based

   olt their hardness  dist,ingLtishability. The  group in

   "thich  the hardness  ivas  distinguished gave a  percent-

   age  ratio  ot' Lhe  panel wiio ansMngred  

`'The
 samples

      12

    ¢
                  Y!O.30X+4.5    ua10
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Seiisory DistiiLction of  Hardness and  Size of  Meat Clrains

Table 4.Size  distjnction between paired samples

with the same  granular size  and  dit'ferent

water ¢ ontent

                                       ,the
 size

                                        physical

                                        granular
    size distinction 2, the perception of  size  difference

    va･zs found to be influenced by the physical properties

    of  grains, even  if the grains were  the same  size.

                   CONCLVSION

     Heated meat  grain sanLples  with dilTering water

    content  Capproximately 44-66%)  and  granular size

    (eight t,yl)es with an  equivalent  area  diameter  ranging

    from 2,1 to 9.2mm)  wer'e usecl  to examine  the

    ILardness and  size (listinction betsveen the samples.

    The eft'ects of physical properties of the grajns on  tbe

    hardness anci  size  distinct,iort were  also  investigated.
    The  resuits  were  as  t'ollouts/

      1, Hardness distinct/ion was  investigated between

    the samples  with dirferent･ "eter  eontent  arid  the

    saine  granular size, The  Weber  ratio for the hardne$s

    distinetion was  O,16-O.08 Cbased on  "rater  eontent),

    which vvas negatively  eorrelated  with the granuiar size

    ef a sample.  For sarnples  with the same  water  eontent,

    a signifieantly  higher pereentage  ot' panelists felt that

    the sample  with large grains was  harder thart of those

    who  felt that  Lhe  sample  with smail  grains "es  harder.

    Hardness  pereeption was  1'ound to be involved with

    the granular size.

     2. Size djstinction was  investigated between sam-

    ples with different granular size and  the same  water

    content.  The  Weber  ratio for the size di$tinction ivas

    around  O.23, whieh  was  invo]ved with both the water

    eontent  and  granular size  of a sample.  For samples

    with  the same  granular size, a significantly  higher

    percentage  of  panelists felt that the sample  with low
    water  contellt  wa,s  harder  than of  those  who  felt that

    the sample  with high water  eontent  was  harder. Size

    perception svas  found  to be influenced by the "zter

    conterit,  or  the  physieal property of  a  sarnple.

     7]he authors  gratefully ackno"tedge  the help of

    Sriow Brand  Milk Products  Co, Ltd, for providing the

    sarTtples.
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  In the foregoing granular size  disttnction 1

distinetion was  found  to be related  to t,he

pvoperties of  the grains, In additioR,  in the

Sample n

Paneltst,s who  distitiguished

  .size 
dit'fereiice

 (96)

Sa.mc:L Lh Sc

AiA 7

BiB  7

CIC 7

D/D 7

EiE 6

F/F  5

GiG 9

HiH  8

62.957.258,650.744.257,O47.853,12L425.727,13L4Z9.226,O28.92.7iZ..15,717.114.317.926.7l7.023.3l9,4

Average 53,3i27,  7iu18,gn

  
ftBoth

 samples  had the saiue  size.  
L'The

 loiver water-

  c:oritent  sample  "vas  Iurger. ('The
 higher waLer-eontent

  satnple  was  larger, L"'Means'
 irt the saine  rew  witli

  dii'ferent let,ters are  sigTiifieantiy  dift'erent atp<O.OO1.

had  the same  size":'`The  sample  with lower "nter

content  was  larger:t : 
"The

 sample  with higher water

eontent  "vas  larger"of 53.e%/  28.0Y6: 19.096. The

group in which  the hardness  "e,s  not  distinguished

gave an  equivalent  i'atio  ot' 54,496r 26.696: 19.096. The

percentages  for each  answer  were  not  significantly

different betwuen  the twn groups, which  indtcates that

the hardness  dist,inction betvveen the  paired samp]e

had  no  influenee on  tlte size  distinetien.

  It was  also  examined  whether  or  not  the size

distinction was  influenced by  Lhe water  eontent  of  the

paired samples,  The  percentages for the three

ansivers  diseribed in the previous paragraph wure  in

the ratio  55.796: 25.7%:  18.7%  and  51.596: 29.096: 19.4

%  for the greups with high and  low "eter  contents,

respectively.  The percentages for each  answer  wero

not  significantly  different between the t"o groups,
witich indicates that the difrerence in wnter  content  of

the pair had no  infiuence on  the size  distinctaon.

  Therefore, about  haEf of the panel felt that the twn

samples  with the same  granular size had  the same

size, even  if they differed in water  eontent.  A  litt}e

less than 28%  of the panel felt that the sample  with

lower water  content,  i.e., the harder sample  (including
those whose  hardness  was  sensorUy  indistinguishable)
had  larger granular size.  This latter pereentage  was

signifieantly  higher than that of  the panel who  felt

that the sample  with higher -uter  content,  i,e,, the

sot'ter sample,  was  larger in granular size.
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肉粒の硬 さと大 きさの識別 に及 ぼす粒度と物性の 影響
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原稿 受付平 成 ll年 2 月 5 日　原稿 受殫 平 成 11年 6 月 5 日

　水分含 Ej： （約 44　一一一66％）お よび粒度 （約 2−一一9mm ＞の 異なる加熱挽 き肉試料．を調製 し， 硬

さ お よ び大 きさの 識別試験を行い ，水分含量，機器測定 の 硬 さお よ び粒度 との 関係 を検討 した．

粒度が 岡 じ試料間で は ，硬さ の 識別は水分含量 5〜9％ 以 トの 差 で 可能 と な っ た ．硬 さ識別 の

ウ エ ーバ
ー

比 は，水分含 量を基準 とす る と 0．16〜O．08 の 範囲 にあ り，粒度と負 の 相関関係が

あ っ た ．また，そ れ は 機器 に よる 硬 さを基準 に す る と水分含量 の 高い 試料群 で は 0，58− 0．20
と大 きか っ たが，水分含量の 低 い 試料群 は 0，16− 0．08 で あ り，両者 と も粒度 と負の 相 関関係

があ・
⊃ た．水分含量が同 じで 粒 度 の み異 なる 試料間 の 大 きさの 識別 は，粒度 が 約 L51 倍異な

る 場合はすべ て 可能 で あ っ た，約 1．23倍異 な る場 合は識別可否 の 境が試料 の 水分含量約 56−一一

65％ の範囲に あ り，粒度が大 きい ほ ど境 の 所 の 水分含量 は大 きか っ た．こ の 境 に位置す る 試料

の 機器に よる 硬 さと粒度 の 関係 を検討 した と こ ろ ，機器 に よ る 硬 さは 粒度 に 関係な くあ る．一
定

の 範囲 に あ っ た．
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ド　官能評価，挽 き肉，粒度 の 弁別，硬さ測定，ウ エ ーバ ー
比．
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