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  The  occlusional  condition  and  preference for the degree of  firmness of  cooked  rice  were  compared

between  ten persons each  of  the elderly  and  young. The dentaa cundition  of each  subject  was  measured

for the number  of remaining  teeth, Eichner classification and  so on. The occlusal  area, occlusal  force
and  maximal  occlusal  force were  evaluated  by using  Dental Prescale. The  obtained  measurements

were  summarized  for each  person by a principal component  analysis.  The first and  the second  principal
components  were  set  up  as  axes  to provide a  plot for all the subjects.  The occlusiona]  condition  varied

widely  among  the elderly  panel members,  Numerical  values  for the preferred cooked  riee  by  each  sub-

ject were  overlaid  on  the  plot, The  young  were  distributed within  a  small  range,  while  the  elderly  were

distributed in a  wider range.  The  preferred rice  was  cooked  with an  average  of  1.8 times  the amount

of  water  for the elderly  and  1,5 times the amount  for the young.
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              I]suI]RODUCTION

  The proportion of elderly  people  in the total popula-
tion of  Japan was  over  14%  in 1995, By  2005, this ratio

is expected  to be over  2096. so the quality of life of the
elderly  is becoming a social  concern,  In particular,
meals  are  important not  only  fbr nutrient  intake but
also  as  an  integral part of  daily life for the elderly,

  The elderly  suffer  from physical problems  resulting

from increasing age.  Those who  do not  need  nursing

care  have to adapt  to a  different sensitivity  in the oral

cavity  from that when  younger.  It has been reported
that the sensitivity  to the graininess of  food, the re-

quired  degree of mastication  and  the mastication  time
for eating  food" in addition  to the threshold levels for
salt, sweet  and  sour  flavorsZ' were  different between
the elderly  and  the young.

  The  Japanese diet incorporates cooked  rice as the

most  frequently eaten  staple  food and  hence, the most

important. The  Japanese preference for cooked  rice

closely  involves its firmness and  stickiness,"  It is con-
sidered  that there is a difference in preference  for the
firmness of  cooked  rice  between the elderly  and  the

young  due to their oral  cavity  condition.`'

  Serving the most  preferable kind of  cooked  rice  to
the elderly  thus increases their satisfaction  with  the

daily diet, This present study  attempts  to identify the
difference in oral  cavity  conditions  and  the preference
for the firmness of cooked  rice  between the elderly
and  the young.

  The  final objective  is to identify the most  prefer-
able  kind of  cooked  rice  for the elderly  that reflects

their oral  cavity  condition.

        MATERIALS  AND  METHODS

Cooked  rice

  The rice  used  was  wash-free  Keshihikari harvested
in Tochigi in 2001. Cooked rice  differing in texture
was  made  by varying  the amount  of  water  as  L1, 1.4,
1,7, 2.0, 2. 3, and  2.6 times (wlw) for 200 g of raw  rice.

The  water  temperature was  20℃ ,
 and  the rice  was

cooked  by  using  four or five electric  rice  cookers  at

the same  time. The  cooking  time  from switching  on  to
switching  off  for each  rice  cooker  was  the same,

  After switching  off, the cooked  rice  was  gently
stirred  and  served  to the evaluating  panel members
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 1. N() defect or no  tooth defect,

 2. Either upper  or  lower teeth  are  perfect.

 3. 4 sets  out  of  4 occlusion  sets  of  molar  teeth  are  per-

   fect,4.

 3 sets  out  of  4 occlusion  sets  of  molar  teeth  are  per-

   fect,

 5. 2 sets  out  of  4 ocelusion  sets  of  molar  teeth  are  per-

   fect,

 6. 1 set  out  of  4 occlusion  sets  of  molar  teeth remains.

 7. No  molar  teeth  but other  occlusion  sets  remain.

 8. No  occlusion  set remains.

 9. Either upper  or  lewer teeth are  defective.

10. No  teeth  reinain.

within  one  hour. Five kinds of rice cooked  with  l. 4-

2. 3 times the water  content  for the elclerlv and  four                                   '
kinds of  rice  cooked  with  L 1-2. 0 times  the water  con-

tent for the young  were  served  to the test panel.

Physical properties for the  cookedi  rice

  Three  cooked  grains were  placed  in the testing cup

for measurement  by a  texturometer (GTX-IL
Zenken). The  testing conditions  were  as foilows:

plunger, tucite l8: clearance,  O. 2 mm;  voltage,  1 V' ; bite

speed,  six  timefmin.

  From  the curve  obtained.  ihe  height of  the first

peak  denotes the firmness, the ratio  of the second

peak area  to the first peak  area  denotes the cehesive-

ness,  and  the  peak  area  under  the  base line appearing

after  the first peak  denotes the st'ickiness.

Sensomy  pamel
  The  elderly  panel was  composed  of 10 female resi-
dents of Niigata Prefecture aged  from 66 to 84, The

young  panel was  composed  of 10 femaie srudents  of

Ochanomizu  University aged  around  20.

Seensory test

  The  panel members  were  iirst asked  to confirm

their  numes  and  ages,  and  a  dentist surveyed  their

oral  cavity  and  dental condition.  The  dental condition

was  ctassified  into 10 categories  according  to the

Eiehner  classification,i')  Details of this classification  are

shown  in Table 1. The  panel mernbers  were  then

asked  to ehew  a  Dental Prescale (Fuji Film Co.) for 3
s. Dental PrescaleH' is a thin film containing  micro-

capsules  which  rupture  under  presstire from the

teeth.  turning  red  according  to the degree of  pres-

sure.  The  intensity of the red  eolor  enabted  the

occlusal  area  {red-color area  in mm"),  occlusal  force

(average pressure  of red-color  area  in MPa),  and
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maximaj  occEusal  force (maximal pressure  in N} to be
evaluated.

  The  elderly  panel members  confirmed  that they
had no  disphagia through swallowing  water.  The  sen-

sory  tester then  handed 5 g of cooked  rice  in a  spoon

to each  panel member.  The panei members  assessed

the firmness of the coeked  rice  as  either  too firm (not
preferable), preferable, or  too soft (not preferable).
One  of three  testers handed the  rice  and  recorded  tlte

answer,  and  the other  two testers counted  under  the

table the  number  of  chews  and  the mastication

period<s) untir each  panel member  had swaigowed  the

rice.

  The  order  of presentation of the cooked  rice sam-

ples was  the rice  cooked  with  2. 6 tirnes the amount  oi

water,  then  that cooked  with  2. 3 times the amount  of

water,  followed by 2. 0 times, 1. 7 times and  finaliy 1,
4 times  the amount  of water.  The  time taken  by each

panel member  for the test was  20 to 30 min.  The  sen-

sory  test  took place in an  independent small  room  at

a  smail  iocal community  hall for th¢  elderly  from le:OO
to 11:OO and  from 14:30 to 15:3e in October and

December  of 2001.

  For the sensory  test by the young  panel members,

the  tester providecl 5 g  of each  cooked  rice  sample,

and  each  punel member  assessed  the  firmness. The

tester  counted  the number  of  chews  and  the mastica-

tion period for eating  without  notifying  the panel

member.  The  sample  order  presented  the rice  cooked

with  2.0 times  the amount  of  water,  this being fol-

lowed by that with  L7  times.  1,4 times and  finally
1.1 times the amount  of water.  The  sensory  test was

conducted  at a tasting lable  in a  quiet cookery  prac-

tice room  at the university  which  had a  window  in the

north  wall.

Statistical apmalyses

  Analyses of variance,  LSD, probit and  principal

component  were  done by SPSS Ver, 10 software.

        RESIJI.TS  AND  DgSCUSSffON

Physical  properties  of  the  eookedi  riee

  The  firmness. cohesiveness  and  stickiness  deter-
mined  by the texturorneter  are  shown  in Table 2. The

analyses  of variance  and  LSD  revealed  that the five

kinds of cooked  rice  were  different in their firmness

and  cohesiveness.  In respect  of the stickiness,  the

samples  could  be  divided into two  grades, the smaller

the amount  of water,  the  firmer and  less sticky  the

cooked  rice was.  Thus, each  cooked  rice  sample  for

the sensory  analysis  was  unique  in its physicai prop-

ertles.
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Table 2.Physical properties of the cooked  rice  samples

(mean± SD.)

Ratio of  water  to rice

Ll 1,4 L7 2.0 2,3 2.6

Firmness (kgf>
Cohesiveness (TU)
Stickiness (TU)

3.42± O.36a 2.70± O.17b

O.73± O.02a O.73± O.02a

O.47± O.IIa O.47± O.10a

2.44± O,19c

o.7o± o.e4 b

O.51± O.11a

2.20± O,15d  l.95± O.21e l.70± O.21f

o,64± o,osc o,63± o,o3c e.sg± o.o2d

O.79± e,19b O.88± O.i4b e.92± O.14b

a, b, c, d,e, f: Values with  different letters in the same  row  are  significantly different lp<O.05}.

Table 3,Oeclusal condition  of the  subjects

                         (mean± S.D.)

Elderly Yong

Upper remaining  teeth

Lower remaining  teeth

Remaining  teeth

Occlusal supporting  area

Eichner classfication

Occlusal area  (mmL')
Average occlusal  pressure  (MPa)
Maximal  occtusal  force (N)

 3,5± 5.1

 5.5±6.1

 9.0± 10.8

 O.7± L3

 7,8± 3.0

 i6,4± 14,O

 25.3± 9.9

298.5± 163.0

"'
 13,8± O.6

"*
 13.8±O.6

"*
 27,6± l,3

.i.
 4± O

"*
 1± O

""
 20,4± 10,3

""

 37.4±4.1
"

 757,3± 376,8

"p<O,OL

 
"'p<O,OOL

Occlusional  condition  of  the  panelists
  The  average  and  standard  deviation of  the dental
condition  for the elderly  and  young panelists, i,e,,

upper  remaining  teeth, lower remaining  teeth,

occlusal-supporting  area,  and  Eichner-classificationG'
as checked  by the dentist are  shown  in Table 3. The
occlusal  area,  average  occlusal  pressure, and  maximal

occlusal  force determined by the Dental Prescale are

also  shown  in Table 3,

  The  condition  of the e}derly teeth varied  widely.

Some had retained  almost  a  complete  set, while  oth-

ers  had very  few. Food  is masticated  mainly  by the

molar  teeth, so  the absence  of one  or  both of the

paired (upper and  lower) molar  teeth prevents  full
mastication  of  food. We  thus calculated  the occlusal-

supporting  area  which  varied  from O {none) to 4 {full)
from person  to person.

  Values for the other  parameters  also  varied  widely.

The  ocelusal  area  was  relatively  high when  counted

from the remaining  teeth, because some  of  the elderly

chewed  with  their gums.  Although the number  of

panelists was  small  and  we  cannot  identify any  corre-

lation, the variation  in occlusal  condition  seemed  not

to depend on  age.

  In contrast,  none  out of the ten yeung  panelists had

(989)

a  full set  of  teeth. There were  only  smali  variations  in
the occlusal  area,  occlusal  pressure and  maximum

occlusal  force in comparison  with  the elderly  subjects.

The  maximal  occlusal  force of the young  members

was  2. 5 times  as  much  as  that of the elderly.

  All the measured  results  were  significantiy differ-
ent  by a  t-test between the young  and  the elderly.

Kouyaman  has determined the mastication  force dur-
ing mastication  by using  a  multi-point  sheet  sensor.  In
our  study.  we  did not  determine the change  in force
during mastication,  only  one  chew  being sufficient  to
identify the occlusional  ability to masticate  foods.
Results  of  the  sensory  analysis

  The  most  preferable <easy to eat) cooked  rice  for
the elderly  was  that cooked  with  1.85 times the
amount  of water  as calculated by the probitS) method.

The  mQst  preferred by the young  was  the rice  cooked

with  147  times  the amount  of water.  Our results

show  that the elderly  selected  the  rice  with  a hard-
ness  of about  2.3 kgf, cohesiveness  of  O.67 TU, and

stickiness  of  O.65 TU  from the five kinds of cooked

rice  with  different texture. It was  also  observed  that

the young  selected  the rice  with  a hardness of  about

2.5 kgL cohesiveness  of O.72 TU, and  stickiness  of

0,48 TU. Rice is usually  cooked  with  1.5 times the

15
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Table 4.Number  of  chews,  mastication  time  and  masticatien  cvcie  for                                            '
the cooked  rice  samples  b>, the elder[y  and  the young

                                       (tnean± Sl))

. .Proport'icln.o.l'.lr)f.9.tE.r .

        Ll

        1.4

        1..7

        2.0

        2- .3

        2.6

Elderlv Young

Numbcr  of  chc-'.ws

56.6 =, 30.7 a

49.() L･ 27.7' a

44,7± 2'2.6a

36.5± 13.0u

3l.6 ±- 12,).,･1 b

  5i "3 ± 28.5 a
'
 40.2± 17.6ab

'
 31.1± 10..,) bc

*
 26.2± 10.9hc

  22.5=l3.ie

N'Iastlcation thne

     CS. 1i

Mi.41.72,O2.3:).6

･{.3.8± 40.9

36,7･ -±. 25.7

31 .7 ±/ IS.3

2S.7 Lr  ll.9

25.9 r. 8.7

1,11.4L72,O2.32.6

I,50± e.4

l,,f2± O.tl

1.52±O.4

;,.36{-O.4

1.27± O.3

  3e.1 :. ,.i. l 
ei
 ,2 a

  23'.9± 10.7' ab

'
 IT,7± 6 ,lb

ss
 ls.s± 6.lb

  ltt,.61 ll.2 b

Mast.icntion cvcte

(no. of chcwst'time)

  1,74 :･ [,F- O,O a

  L7'2± O,2a
'
 i.77'± 0,la

  1.65±O.1a

  1,50± O,2b

'p<O.D5,

 a, b. c: different lettcrCs} ",ithLlla  c.olurnll  showsigmficantdifferenee.

amount  of  water:  this amount  of water  is suitable  for
the young,  but the resutting  cooked  rice  is oftei}  too

firm for the elderly.

  Both the  elderly  and  the young  showed  significant

differences in the number  of chews  for each  sample  of

cooked  rice  with  different textures  (Table 4), In re-

spect  of  the masrication  time,  there was  no  significant

difference for the  elderly  because of the side  varia-

tion. There was  the tendency  that  the softer  the rice,

the fewer chews  and  shorter  mastication  time. Some
samples  of rice  cooked  with  the same  ameunt  of

water  showed  a  significant  differenc:e in thc number
of  chews  and  mastication  time  between the  young

and  the elderly.  The  number  of chews  was  divided by

the mastication  tirne to obtain  the mastication  cycle.

The  difference in the  average  cycle  between the el-

derly and  {he  young  was  clear,  the young  moving

their  jaws up  and  down  more  quickly than  the ei-

derlv, It is interesting that the soft rice.  i.e. cooked

with  Z,3 times of  water,  resutted  in the  mastication

cycle  of the young  being significantly  slow.  However,

only  one  rice  sample  cooked  with  1,7 times  the

amount  of water  was  significantly  different, because

the  standard  deviation was  relatively  large for the

16

eiderly.  The standard  deviation for the elderly  was

larger than  that  for the  young.

Oecausional charaeteristics  of  the  e]derly  andi

yoiing  by a  principaE camporgent  anaEysis

  Six parametric  items of  dental measurement  i.e.,

the  remaining  upper  teeth. rernaining  lower teeth,
total remaining  teeth. occ]usal-supporting  area,  aver-

age  occlusai  area,  and  maxiinat  occ[usal  iorce, and  the

number  of ehews  and  mastication  time  were  all ap-

plied to a  principal component  anal},sis, The obtainecl

component  loacling, eigenvalue,  proport.ion and  cumu-

iative proportion are  shown  in Table 5. The  cumula-

tiv･e proportion  of  the first and  second  principal

components  was  79.6%. We  can  thus explain  about

8096 of the variation  with  these two  components.

Using these  first and  sec;end  principal components,

the data for all the elderly  and  young  were  plotted in

Flg. 1. The first component  is lhought  to represent

the power  level for the  mastication  food, while  the

second  componenl  is thought  to represent  the degree
of dental healthiness.

  We  can  see  from this figure that  the young  are  dis-

tributed in a relatively  small  range  and  the elderly  in

a  wider  range,  with  one  elderly  person  falling into the

C990)
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Table 5,

ference for the Firmness  of  Cooked Rice between th

Principal component  analysis  of the parametric data

e Elderly and  Young

Proportion of  waterFirstcomponent  Secondcomponent

Component

 loading

Number  of  chews

Mastication time

Upper remaining  teeth

Lower  remaining  teeth

Remaining teeth

Occ!usal area

Average  occlusal  pressure

Maximal occlusal  force

1.41.72.01.4L72.0  O.920

 O.886

 O.843

 O.836

 O.910

 O.864-O.792-O.796-O,810-O.266-O.402-O.578

 e.287

 O,361

 O,437

 O.186

 O.242

 O.410

 O.495

 O.501

 O.508

 O.854-O.141

 O.538

Eigen value

Proportion

Cumulative proportion

 7.09959,16159,161 2,45720.47479.635

Secondprincipalcomponent

                                      Firstprjnclpalcemponent

      Fig, 1. PCA  plots for the dental condition  of the elderly  and  the young
N elderly,  O  young. Numerical values  show  the proportion of water,

range  for the young.  The  proportion of  water  for the
cooked  rice  preferred by each  person  is also shown  in
Fig. 1, The  plots for the young  who  preferred  firmer
rice fall in the minus  region  of the second  principal
axis, and  for those who  preferred  the softer  rice, fa11 in
the plus region.  The  plots for the etderly,  who  pre-
ferred the softer  rice,  fall in the plus region  of the first
principal axis  and  in the minus  region  of the second

(991)

principal axis.  Hewever,  no  specific  trend  is apparent
for the other  panel members.  These data indicate a

wide  variation  among  the elderly,  atthough  we  cannot

quantify this trend  due to the small  number  of sam-

ples, The  elderly  members  were  in their sixties  to

eighties  and  may  therefore have substantially  dif
fered in their body condition,  A  further study  should

be done with  a  larger number  of subjects  and  this is

                                         17
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高齢者と若年者 の 口 腔内状態と飯の硬 さの好み の比較

鬼塚綾子，戸田貞子
’
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， 畑江敬子
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お茶の水女 r一大学大学院人間文化研究 科〉

原 稿受付
」r成 15年 4 月 3 日 ；原稿受理 平成 15年 ll月 17日

　凵腔内の 状態および飯 の硬 さの 好み を高齢者 と若年者，各 上0 名 の パ ネル を用 い て 比較 した．

パ ネル の 歯の状態は残存歯，ア イ ヒ ナ
ー

指数等を測定 した ．デ ン タ ル プ レ ス ケ
ー

ル を用 い て 咬

合面積，咬合圧，最大咬合圧 を測定した．こ れ らの 測定値の 主成分分析に よ り各パ ネル メ ン バ ー

の 値を求め ，第 1軸 と第 2 軸に メ ン バ ー
の 値 をプ ロ ッ トした ．高齢者の 場合，口 腔 内の 状態は

広 い 範囲に 分布 した．好ましい 飯を重ね て プ ロ ッ トしたと こ ろ，若年者は狭い 範囲に分布 し，

高齢者 は 広 い 範囲に分布 した．高齢者の 飯 の 好み は加水量平均 1．8 倍で 炊 い た飯 で あ 甑 若年

者は平均 L5 倍で 炊 い た飯で あっ た．

キーワ ード　高齢者，デ ン タル プ レ ス ケール，1
−
1腔内の 状態，飯 の 硬 さ．
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