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Effect of Occlusal Condition on the Mastication of Raw and Cooked
Vegetables by the Elderly
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The effect of occlusal condition on the mastication of 18 kinds of raw and cooked vegetables was
studied to ease eating by the elderly. Vegetables which were difficult to eat by the elderly were fresh
cucumber, boiled komatsuna, steamed sweet potato, and cherry tomato, the reasons cited being hard-
ness, large slice and needing water to swallow. The young found it more difficult to eat bamboo shoot
and spinach, and using more terminology to describe the physical properties of the foods. Based on
their occlusal condition, the subjects were classified into five groups: group 1 containing all of young
and a few elderly with good occlusal condition, to group 5 containing the elderly with the worst occlusal
condition. This grouping was proved to correspond to the mastication time and number of chews. The
elderly compensated for any difficulty in eating by prolonging the mastication time. It was found im-
portant to adapt the cooking method to the type of food to ensure ease of eating by the elderly.
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Table 1. Preparation method
Vegetables Size Quantifiy Preparat.lon r.nethod
Cooking time
Cooked Burdock root 1.8X2.2X2.0cm? Boil for 25 min
Pumpkin (frozen) 2X2X2cm? Steam for 10 min
Spinach (frozen) 3cm 5g Boil for 1 min
Kidney beans (frozen) 3cm 3 pcs Boil for 1 min
Broccoli (frozen) 7¢ Boil for 3 min
Carrot 2X2X2cm? Boil for 15 min
Bamboo shoot (bolied) 2 cm? in dia Boil for 1 min
Komatsuna 3cm 5g Boil for 1 min
Green sweet pepper 2X2cm? 2 slices Saute for 2 min
Cabbage 3xX3cm?’ 3 pes Saute for 3 min
Mushroom-Shiitake 2 cm in dia Saute for 3 min
Taro (frozen) 2X2X2cm? Boil for 2 min
Sweet potatoes 2X2X2cm? Steam for 15 min
Raw Cabbage 1 mm 5g Cut in slice
Head lettuce 2X2 cm? 3 slices Cut in square
Cucumber 1.5cm Cut in round
Cucumber 1.5cm Thin slice
Mini tomatoes 2.5-3 cm in dia
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Table 2. Age and gender of elderly panel

Gender
Age
Women Men
65-74 89 3
75-84 82 3
85— 30 0
Total 201 6
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Table 3. Physical properties of vegetables

Samples

Firmness (gf) Cohesiveness (TU)

Green sweet pepper
Head lettuce

Cabbages

Cucumber (cut in round)
Kidney beans

Burdock root

Bamboo shoot

Broccoli

Cabbages (long thin strips)
Cucumber (thin slice)
Komatsuna

Mini tomatoes

Carrot

Sweet potatoes

Spinach
Mushroom-Shiitake
Taro

Pumpkin

7,758 +7952
4,809+ 736°
4,677+ 740°
4,399+652°
4,391 +445°
4,368 +721°
3,491 568¢
3,3224+762¢
3,162+471¢
2,825+448¢
2,335+607¢
2,180+271¢
2,030+301¢
1,259+ 176!
1,259+ 176
1,091 +134f
7684106
41341068

0.20%10.08¢
0.54+0.08°
0.3040.09¢
0.1710.04¢
0.28+0.05¢
0.04+0.01¢
0.07+0.05¢
0.20+0.10¢
0.56+0.05°
0.21+0.10¢
0.29+0.10°
0.10%0.03¢
0.03+£0.02%
0.05+0.02¢
0.26+0.04°
0.45+0.09°
0.08 +0.03¢f
0.05+0.02¢

abedete: Values with different letters in the same column are sig-

nificantly different (p<<0.05).

Table 4. Occlusal condition of the subjects

(mean+S.D)

Occlusal condition Elderly Young
Upper remaining teeth 7.0+5.8 14.0+0**
Lower remaining teeth 7.5%5.8 14.0+1.0**
Occlusal supporting area (category) 14+1.7 4.0+0**
Occlusal supporting area (including denture) 3.3%+1.3 nd
Eichner classfication (category) 5.9+3.3 1.0£0**
Occlusal area (mm?) 9.8+10.0 17.5+8.5**
Average occlusal pressure (MPa) 32.94+22.7 33.41+4.8
Maximal pressure (MPa) 85.41+21.6 98.6+12.1**
Maximal occusal force (N) 282.1%£224.6 559.24+244.7**

**: p<0.01. nd: no denture.
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Table 5. Rating scale of the elderly and young of the diffiluclt to eat mastication time and number of chews
samples
Diffiuclt to eat Mastication time (s) Number of chews
Samples
Elderly Young Elderly Young Elderly Young
Burdock root 1.8+0.9 1.8+0.8 34.4+18.4 25.5+£9.0** 45.2+21.3 37.7%14.0
Pumpkin 1.5+0.8 1.9%1.0 19.7+10.4 17.8%6.9 22.3+10.3 22.5%8.9
Spinach 1.9%+1.0 2.3+0.9 27.7+19.4 22.5%10.7 35.5£18.6 33.5%16.3
Kidney beans 1.4+£0.7 1.4£0.6 23.7+12.0 17.8+5.5** 33.3+15.4 27.6%x8.9**
Broccoli 1.5+0.7 1.6x0.7 28.6+14.5 23.6+8.1* 41.1+19.6 36.3*12.6*
Cooked Carrot 1.1+0.4 1.6+0.7** 22.0+8.4 24.2+8.1 32.4+12.3 36.6%16.1
m)fbl Bamboo shoot 1.741.0 2.540.8** 28.5+15.4 24.4+9.0* 39.1+18.4 35.7+13.8
VeSS Komatsuna 25+1.1 2.6+0.8  29.9+153 27.3x11.1  42.4%22.0 42.0+18.2
Green sweet pepper 1.5+0.9 1.8+0.7 21.8£10.5 18.0x7.0 32.4+16.0 28.9%11.3
Cabbages 1.5+0.9 1.6x0.6 26.9+14.3 22.5%8.9 40.3£19.9 35.8%+13.1
Mushroom-Shiitake 1.2+0.4 1.3%+0.6 20.3%10.8 18.1%8.3 30.3+£14.8 27.9+13.2
Taro 1.2+0.6 1.9£0.9** 20.8+£10.5 20.6x7.4 26.6+13.3 28.9%11.8
Sweet potatoes 2.1x1.2 2.2%1.1 33.3+15.4 26.4+8.9** 41.8+18.2 36.1+14.7*
Cabb 1 thi
abbages (long thin ) o\ 00 9140.9% 4114237 23.8+6.7°* 51.8+28.3 37.1+12.1°"
strips)
R Head lettuce 1.3+0.6 1.4%0.5 24.3%£9.91 17.945.3** 33.1+14.0 28.1%+10.0**
aw
b t o1
vegetables Cucu;l er (Ut M) 4012 23408 38.6+19.0 26.7E7.8" 56.4227.9 43.7+14.8%
roun
Cucumber (thin slice) 1.7£0.9 1.6%0.9 35.8+13.9 26.9+7.0** 54.0+21.8 44.8+13.9**
Mini tomatos 1.7£1.0 1.6%0.8 23.0+9.0 16.4+4.8** 32.4+13.4 25.3+9.1**
*. p<0.05, **: p<0.01. Significant difference is shown between the values for the elderly and young. Rating scale:

1.0: easy to eat, 2.0: a little easy to eat, 3.0: a little difficult to eat, 4.0: difficult to eat.
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Table 6. Comparison of the principal component analysis of the elderly and the young

Elderly Young
No. Parameter Principal component Principal component
First Second Third First Second Third Fourth
1 Hard 0.9541 —0.0857 0.2244 0.5063 0.0891 0.5810 —0.6119
2 Fibrous 0.1560 —0.0570 0.0202 0.7969 0.0323 —0.3177 0.3157
3 Remained in the mouth  —0.0002 —0.0266 —0.0415 0.1381 —0.0490 —0.1207 0.1170
4 Big 0.0526 0.9796 0.1694 —0.0851 0.9750 —-0.0216 0.0889
5 Remained in between —_01g¢ 00239 —0.0439  —0.0084  —0.0148 0.0492 0.0405
the teeth
6 Difficult to swallow —0.1735 —0.1239 0.7716 —0.0493 —0.0828 —0.3226 —0.2696
7 Stick in the mouth —0.0465 —0.0138 0.0494 —0.0944 —0.0532 —0.3816 —0.3709
g pecds water toswab g 1646 —0.002 05692 —0.0229  —0.0275 —0.1054  —0.110]
9 Dry —0.0048 0.0588 0.0056 —0.0342 —0.0563 0.0284 0.0141
10 Difficult to bite —0.0020 —0.0076 —0.0117 0.2471 —0.0265 —0.1494 0.1705
11 Less sticky —0.0318 —0.0112 0.0461 — - — —
12 Disperse in the mouth —0.0287 —0.0178 —0.0433 —0.0853 —0.1529 0.5071 0.4989
13 Hard to bite skin —0.0326 —0.0130 —0.0467 —0.0232 0.0052 —0.0127 0.0246
14 Viscous — — — —0.0154 —0.0004 —0.0531 —0.0401
15 Gummy ‘ — — — 0.0005 —0.0018 0.0007 —0.0005
16 Elastic — — — —0.0046 —0.0045 —0.0004 0.0008
Eigen value 98.05 56.40 43.87 38.82 18.98 9.19 7.14
Proportion 44.74 25.74 20.02 44.85 21.93 10.62 8.25
Cumulative proportion 44.74 70.48 90.49 44.85 66.78 77.40 91.75
‘ Difficult to Remaining Easy 'to
Interpretation Hard Geometry 1 after chew- Geometry mold in the
SW W
swatlo ing, Hard mouth
35 [ 35
Big cuts L
@ Elderly * Young
25 | 25 |
i @20 Fibrous and hard
15 ¢ 15 Hard to bite
Hard
Need water to
-20 4 30 40
-10 Disperse in the mouth
Hard to swallow
Fig. 1. Principal component analysis plot of the reason for difficulty to eat vegetables
30 (974)
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Fig. 2. Relationship between the neutral network grouping and occlusal condition
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Table 8. Relation between neural network grouping and difficult to eat vegetables, mastication time and num-

ber of chews

Group Pumpkin Carrot Taro Sweet Burdock Spinach Bamboo Komatsuna Mus}lroom
potatoes root shoot (Shiitake)
1 1.7+1.02 1.4%0.7 1.6+0.82  2.2+1.1 1.7+0.9 2.240.9 2.2+1.0° 274092 1.2405
] 2 1.740.9%>  1.1+05 1.3+£0.62°  1.9+1.1 2.0%£0.8 2.1+1.1 1.3+1.1%  1.8+1.1 12404
?O’ff;dt 3 174092 11403 15+1.0% 26+1.1 21409  21£10  18+1.1®  25+1.1% 12406
4 1.2+0.72>  1.1£0.3 1.1£0.32°  2.1+1.2 1.7£0.9 1.6+0.5 1.6+£1.12>  20+1.1% 12407
5 1.3+0.7° 1.2+£0.5  1.1+0.3>  1.9%1.2 1.8+1.0 1.9%1.1 1.7£1.0° 2.4+£1.13¢ 11403
1 17.447.6°  23.0£9.6 20.0+7.6  28.6+10.0 28.1+13.2> 24.3+17.0> 26.0+13.2° 27.8+12.3> 18.4+8.7
Mastica- 2 19.0+9.12%  21.0+£7.5 21.0+9.1  34.0+14.2  20.1+12.7° 25.3%+13.6% 28.0+7.62> 253+8.1° 20.4+10.3
tion time 3 24.3%17.1* 255+10.2 254%17.5 36.6+22.6 43.6+25.6° 35.2+29.6° 26.5+11.62® 33.9+17.7% 20.9+9.]
(s) 4 18.6+6.92>  23.9+7.2 22.8+12.3 41.0%27.6  32.3+12.6%° 27.4+9.69% 36.4+24.7% 37.5+25.0° 20.0+12.8
5 20.849.92>  22.0+8.6 19.6+9.2  31.9+12.0 34.5+19.52> 26.3+12.72b 27.5+12.12> 27.8413.08> 20.1+13.1
1 21.7+9.1 34.3+14.9 27.3%11.3 36.9+13.4° 39.1+15.5° 33.7+17.3 36.5+15.0°" 41.0+18.5® 27.7+13.0°
2 205+11.8  31.6+8.6 24.3+10.4 40.4£14.7° 47.4+26.12> 32.8+14.9 37.8+11.8%° 40.1+11.4> 31.2+10.92P
glf“:}i:jvrs 3 254495  347+10.9 20.8420.1 50.5+30.0% 54.9+26.0° 43.8+26.4 37.9+13.7% 46.5+18.8% 31.6+12.9%
4  24.5%+88  37.3%£13.1 35.0+19.1 58.6+30.4% 45.0+17.0°° 41.7+16.6 53.7£36.2° 59.1+46.52 41.0+22.42
5  23.3+10.6 32.5+14.7 255%11.2 39.6+12.6" 43.9+21.6%P 33.1+16.0 37.4+15.28P 40.0+16.2°> 29.7+16.0°
Cabbages
Kidney Green sweet Cabbages Cu.cumber Head lettuce  Broccoli long t}in CuT:um.ber Mini tomatos
beans pepper cut in round . thin slice
strips
1 1.540.72%  1.740.8>  1.6408  2.3+1.0° 14406 16408  1.9%£0.9° 17409 1.6+0.1
) 2 1.1+0.3¢ 1.3+0.9°¢  1.4+0.9 2.1+1.20 1.3+0.6 1.5+0.8 1.3+0.62>  1.9+1.12 1.8%1.1
Diffiuclt 3 164072  2.2+1.1°  1.5+07  29+1.2%  12+04 14407  1.6+0.8®  1.9+£1.0% 1.9+14
to eat
4 1.34£0.72P¢  1.440.9% 14409 2.241.18%  1.140.3 1.240.4 1.8+1.02>  1.140.3¢  1.7+1.0
5 1.4+0.72¢  1.3+0.6° 1.3+0.8 2.7+1.12>  1.3+0.7 1.5+0.7 1.7+1.1° 1.74£0.92% 14408
1 19.8+9.4> 19.4+85° 23.749.9° 31.1+12.9° 20.548.4° 25.1+10.1 20.9+18.4° 30.2+10.6° 18.6+7.3°
Mastica- 2 201+7.8° 19.7+6.5® 26.9419.4% 31.4+10.8° 21.2+£5.9 26.3+9.5  36.7+13.7® 31.8+10.0°® 21.0%6.9°°
tion time 3 29.1%19.2% 24.6+11.7% 26.6+13.2%° 45142657 24.4+11.7%° 31.1+420.1 45.7%38.1%% 39.2+19.4% 22.147.2%¢
) 4 254+88% 26.8+16.3° 35.3+22.7% 37.7+11.8%%° 22.0+56%° 325+124 40.7%17.7% 354488 25.6+9.8°
5 23.3%9.1%°" 19.8+8.9°® 25.6+12.5° 41.6+26.4%° 27.0+11.8° 28.6+153 43.7+19.1° 37.3+16.7% 24.7+10.9°°
1 205%12.0° 29.4+13.0> 36.3+13.9% 47.3%£17.7° 29.5+10.8 37.5+14.6 40.8%16.6° 47.4%17.1°> 27.2+10.3¢
2 28.7+9.12P  33.1+8.32> 41.3+20.6* 51.0+17.7%° 32.149.3  37.9+11.5 49.5+22.82P 52.0+17.6%> 31.3+11.6%>
oNf“;’l:fvrs 3 38.5422.7% 34.9+10.0% 42.0420.4% 66.6+42.8% 34.3+21.0 39.9+16.1 61.2455.1%° 59.4+31.3% 31.7+£13.2%¢
4 38.34+12.880 42.9+275% 57.4+37.8° 555+18.22P 323481  50.0+£20.7 53.7+20.88° 56.2+16.62 37.2+14.07
5  32.8+14.8%® 29.6+12.5° 38.2+14.6° 60.1+38.1% 35.6+18.3 42.2%254 54.6+24.4%0 54.9+23.42P 34.5+]7.12b

ab.c: Values with different letters in the same column are significantly different (p<0.05).
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Fig. 3. Relation of the difficult to eat vegetables and
mastication times
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