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RO/t HesE 339 olE=E NFE =4
39t} Texturometer (rheometer) & A EHA]
Aol A, 17, AR, $34, #2344 5L
Zt 384 ZA3to olg HTAS ;S AHY
EAolgt 934t (Fig. 1,2).
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2. 47

AR ARNHY 5 GLdA 3D o))
FREo] g A ADe AR FATYAL
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BioPAK®(Bio-Research Associates Inc., Mil-
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Table 1. Standard hardness scale and selected food

Panel Product Selected Brand or type Manuf- Sample
rating by IFT* Food acturer size
1 Cream cheese Philadelphia Kraft food
2 Egg white Eg Hard-cooked, 5 min - 2X 15X 1cm
3 Frankfurters Sg Large, skinless Baeksul 2X1.5X1cm
4 Cheese Pz Yellow, pasteurized Seoul milk 2X1.5X lcnd
45 Yg Soft Haitai  2X1.5X1Icnt
5 Olives Bq Exquisite, stuffed Haitai 1 olive
6 Peanuts Pn Cocktail type Haitai 2 nut
7 Carrots Uncooked, fresh
8 Almond Am Candy part Delmont 1 nut
9 Rock candy

* Institute of Food Technologists

Eg; Egg white, Sg; Sausage, Pz; Pizza cheese, Yg; Yang-geng, Bq; biscuit,

Pn; Peanut, Am; Almond
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Fig. 2. Hardness test with texturometer.

Fig. 4. BioPAK recording.
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Fig. 5. SCU-1 for electromyogram.

473349t (Fig. 6).

AL gt 2E AYe 7 234 A m. ol 7znt
F T 2F 2794 4ol gt Ay
QL AL Table 2+ texturometer® 33)|% ZA3} A
IBM/PC2] SPSS/SAS B4 =138 A} AAFE EARY Hoolth s A A7t
3t WY ¥g ¢ ZFHAE TEHX 380101 7o} 732, oFEZY} 12222 BF
7+ 23l9] Aol T MFe HolE paired  HAlo|A o] Ex st YA 2 Al A E3e)

t-test2 ASsAH 249 B4l & A A% Aol AASA Gtk AFAE] &
ol B FFE FLsHY] A3 4w Y2 A Azr) 7P AL RALLS I
o] 2}olof ths) ONE-WAY ANOVA testE 780l 743 Zlom AF fAxtet Hue R3]
A& &te] Sheffe’s multiple range test2 £ 3 AT <A, AR nEA So Amko)

Table 2. Texture of selected food

hard spring adhesi cohesi gumm chewi
-hess -ness -veness -veness -iness -ness
(N) (m) ) (B/A)
Egg white 3.8 0.0033 0 0.871 3.3 0.0108
Sausage 10.6 0.0036 0.00252 0.861 9.2 0.0331
Pizza cheese 12.6 0.0042 0.00036 0.826 104 0.0443
Yang-geng 33.0 0.0025 0.00568 0.263 8.7 0.0216
Biscuit 73.2 0.0020 0 0.904 66.6 0.1333
Peanut 38.4* - - - - -
Almond 122.2* - - - - -

* Because of irregular shape, the hardness of peanut and almond can be measured with
the other type explorer.
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Table 3—1. Chewing number and chewing time by food hardness

Chewing number (No.) Chewing time (sec)
Mean S.D. Mean S.D.
Egg white 18.80 7.62 1131 3.87
Sausage 24.72 7.12 14.94 421
Pizza cheese - 28.86 10.26 17.25 571
Yang-geng 2247 4.66 15.08 3.85
Biscuit 26.56 7.54 / 16.75 452
Peanut 20.36 5.74 12,53 3.81
Almond 18.39 541 11.50 3.26
Am Chewing number Eg Chewing time
Eg Am
Pn Pn
Yg Sg
Sg Yg
Ba Ba|» +
Pzl » « Pz) = »
Am Eg Pn Yg Sg Bg Pz Eg Am Pn Sg Yg Bg Pz

Fig. 7-1. Statistical analysis with Sheffe’s multiple range test (* : p<<0.05).
Eg; Egg white, Sg; Sausage, Pz; Pizza cheese,
Yg; Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond

Number (No.)
Time (sec) ' EAChewing number @Chewing time

40

30

20

10

Eg Sg Pz Yg Ba Pn Am Food

Fig. 7-2. Chewing number and chewing time by food hardness.
Eg; Egg white, Sg; Sausage, Pz; Pizza cheese,
Yg; Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond
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Table 3-2. Mandibular displacement by food hardness

Maximum opening (mm) Average opening (mm)

Mean S.D. Mean SD.

Egg white 19.71 4.29 16.27 3.01
Sausage 22.38 4.61 16.54 2.61
Pizza cheese 2148 423 16.28 3.27
Yang-geng 2221 3.96 17.38 3.46
Biscuit 21.82 4.07 1741 2.61
Peanut 18.53 3.55 14.86 2.54
Almond 18.76 451 15.58 3.52

# No two groups are significantly different at the 0.05 level

Pn Maximum opening Pn Average opening ’
Am Am
Eg . Eg
Pz Pz
Bq Sg
Sg Yg
Yg Bq

Pn Am Eg Pz Bg $g Yg Pn Am Eg Pz Sg Yg Bq

Fig. 7-3. Statistical analysis with Sheffe’s multiple range test (*: p<{0.05).
Eg; Egg white, Sg; Sausage, Pz; Pizza cheese,
Yg; Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond

Opening
(mm)

Mx.opening WAv. opening

30 r

20

10

Eg Sg Pz Yg Bg - Pn Am Food
Fig. 7-4. Mandibular displacement by food hardness.
Eg; Egg white, Sg; Sausage, Pz; Pizza cheese,
Yg; Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond
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Table 3-3. Mandibular movement velocity by food hardness

Average closing velocity(mm/sec) Average opening velocity(mm/sec)

Mean S.D. Mean SD.

Egg white 98.52 22.82 131.58 22.24
Sausage 102.45 22.42 134.24 20.37
Pizza cheese 105.44 24.28 132.12 20.78
Yang-geng 97.13 25.61 118.73 21.34
Biscuit 103.53 28.69 140.22 21.88
Peanut 104.44 31.67 136.21 28.29
Almond 98.90 32.05 127.44 28.58

# No two groups are significantly different at the 0.05 level.

Yg
P
Eg
Am
Sg

FE

Pz

Averagk closing velocity

Yg Eg Am Sg Bqg Pn Pz

Pn
Am
Eg

Pz.

Sg
Yg
Bq

Average opening velocity

Pn Am Eg Pz Sg Yg Bg

Fig. 7-5. Statistical analysis with Sheffe’s multiple range test (* : p<0.05).
Eg; Egg white, Sg; Sausage, Pz; Pizza cheese,
Yg; Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond

Velocity
{mm/sec)
180

160
140
120
100
80
60
40

20

0
Eg

Fig. 7-6. Mandibular movement velocity by food hardness.
Eg; Egg white, Sg; Sausage, Pz; Pizza cheese,

Average closing velocity

@ Average opening velocity

Sg

Yg; Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond

Pz Yg
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Eg
Sg
Yg

IEZEW

Table 3-4. Right and left anterior temporal muscle EMG by food hardness

MXLTM(mV) AVLTM (mV) MXRTM(mV) AVRTM(mV)

Mean

S.D. Mean S.D. Mean S.D. Mean S.D.

Egg white 162.72
Sausage 182.51
Pizza cheese 188.40
Yang-geng 185.77
Biscuit 236.15
Peanut 248.98
Almond 243.58

4181 12904 2963 14737 5815 10701 3750
5322 13992 3800 164.056 7235 12035 62.51
7885 14585 4713 17265 8259 12316  63.60
6120 14992 4458 17300 7050 13049  55.62
10581 17730 7053 22188 8114 15868  54.19
9588 18224 5957 23691 9074 16475 6129
9338 18768 7070 22577 7583 16737 6822

MXLTM; Maximum left temporal muscle EMG, MXRTM; Maximum right temporal m. EMG,
AVLTM; Average left temporal muscle EMG, AVRTM; Average right temporal m. EMG.

MXLTM

Eg Sg Yg Pz Bq Am Pn

Eg AVLTM Eg MXRTM Eg AVRTM
Sg Sg Sg
Pz Pz Pz
Yg Yg Yg
Ba| * Bq Bg| »
Pn|+ » Am| » Pn| »
Am| = . . Pn] » Am} « .
Eg Sg Pz Yg Bq Pn Am Eg Sg Pz Yg Bq Am Pn Eg Sg Pz Yg Bg Pn Am

Fig. 7-7. Statistical analysis with Sheffe’'s multiple range test (* @ »<0.05).

EMG
(mv)

400 | i

A MXLTM B AVLTM B MXRTM OAVRTM l

350

300

250 t

200

180

100

50

0

Fig. 7-8. Anterior temporal muscle EMG by food hardness.
Eg; Egg white, Sg; Sausage, Pz; Pizza cheese,

Yg; Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond
MXLTM; Maximum left temporal muscle EMG,
AVLTM; Average left temporal muscle EMG,
MXRTM; Maximum right temporal muscle EMG,
AVRTM; Average right temporal muscle EMG.
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Table 3-5. Right and left masseter muscle EMG by food hardness
' MXLTM(mV) AVLTM (mV) MXRTM(mV) AVRTM(mV)

Mean

S.D. Mean S.D. Mean S.D. Mean S.D.

Egg white 164.62
Sausage 183.33
Pizza cheese 182.62
Yang-geng  204.54
Biscuit 314.48
Peanut 287.71
Almond 301.52

64.27 11601 4105 16748 4517  120.15 28.02
89.97 13178 6159 19305 8010 129.62 41.13
69.92 12907 5312 21546 8320 13958 52.02
9710 13890 7063 20621 8737 14501 58.05
15533 20291 8615 31158 13695 209.09 80.60
126.22 18780 7775 31395 13222 21413 103.62
13411 18733 6735 31467 11271 209.13 72.16

MXLMM; Maximum left masseter muscle EMG, MXRMM; Maximum right masseter m. EMG,
AVLMM; Average left masseter muscle EMG, AVRMM; Average right masseter m. EMG.

MXLMM

Eg Pz Sg Yg Pn Am Bqg

EMG
(mv)

500

450

400

350

300

250

200 1

r

150 | M

100 + W

50 | B

0

el AVLMM Eg MXRMM Eg AVRMM
Pz S8 Se
- Yg Pz
Ya Pz Yg
Am Ba Baj -
o Am] » ) . s Am| »
Bql » . Pn Pl s
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Fig. 7-9. Statistical analysis with Sheffe’s multiple range test (* : p<{0.05).

| & MXLMM OAVLMM & MXRMM OAVRMM J

Fig. 7-10. Right & left masseter muscle EMG by food hardness.
Eg; Egg white, Sg; Sausage, Pz, Pizza cheese,

Yg: Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond

MXLMM; Maximum left masseter muscle EMG,
AVLMM; Average left masseter muscle EMG,
MXRMM; Maximum right masseter muscle EMG,
AVRMM; Average right masseter muscle EMG.
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Table 3-6. Preferred side and non-preferred side anterior temporal muscle EMG
MXLTM(mV) AVLTM (mV) MXRTM{(mV) AVRTM(mV)
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Egg white 14326 4060 10944 3011 167.16 6169 12661 3846
Sausage 159.13 4417 11704 3625 18743 7663 14329 62.21
Pizza cheese 16455 53.81 11899 2999 19646 98.67 15001 7162
Yang-geng 16933 54.85 12879 4131 192.22 7566 15160 5745
Biscuit 21270 5842 15391 3543 24531 11796 18232  79.99
Peanut 23150 6387 16340 4398 25467 11463 18356 7291
Almond 225.16 6263 16884 5434 24522 10296 186.18 82.21
MXPTM; Maximum preferred side temporal muscle EMG,

AVPTM; Average preferred side temporal muscle EMG,
MXNTM; Maximum non-preferred side temporal muscle EMG,
AVNTM; Average non-preferred side temporal muscle EMG.

Eg MXPTM Eg AVPTM Eg MXNTM zﬂ AVNTM
S Sg Sg p:
Yg Pz Yg v
Pz Yg Pz [4
Bq Bg Am Bq
Am} » Pn Ba ::'
. Am| Pn ] »
P“EgSuYngBquPn Eg Sg Pz Yg Bq Pn Am Eg Sg Yg Pz Am Ba Pa Eg S¢ Pz Yg Bqg Pn Am
Fig. 7-11. Statistical analysis with Sheffe’s multiple range test (* : p<{0.05).
500 r |
@ MXPTM BAVPTM B MXNTM LJAVNTM
400
300 r
200
100
0

Fig. 7-12. Preferred side & non-preferred side anterior temporal muscle EMG by food hardness.

Eg; Egg white, Sg; Sausage, Pz; Pizza cheese,

Yg; Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond

MXPTM; Maximum preferred side temporal muscle EMG,
AVPTM; Average preferred side temporal muscle EMG,
MXNTM; Maximum non-preferred side temporal muscle EMG,
AVNTM; Average non-preferred side temporal muscle EMG.
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Yg
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Fig. 7-14

Table 3-7. Preferred side and non-preferred side masseter muscle EMG

MXLTM(mV) AVLTM (mV) MXRTM(mV) AVRTM(mV)
Mean SD. Mean SD. Mean S.D. Mean S.D.
Egg white 18823 60.97 129.29 39.33 149.03 4286 106.87 25.82
Sausage 215.82 95.39 146.75 60.39 161.97 61.79 114.37 35.09
Pizza cheese 22844 88.82 153.75 62.79 158.51 4534 11490 29.08
Yang-geng  236.37 9494 16240 73.70 176.99 7494 12450 42.14
Biscuit 36256 13212 237.27 86.87 26907 134.12 17475 65.71
Peanut 34885 14047 22802 86.57 250.84 94.65 165.30 55.49
Almond 34630 11367 221.88 67.87 266.66 11637 174.59 64.84
MXPMM; Maximum preferred side masseter muscle EMG,
AVPMM; Average preferred side masseter muscle EMG,
MXNMM; Maximum non-preferred side masseter muscle EMG,
AVNMM; Average non-preferred side masseter muscle EMG
MXPMM zz AVPMM !;: MXNMM :: AVNMM
P2 sg Pz
Yg Yg ve
Am| - Pn Pn
P - Am) ¢ Am| *
: Ba . %Ez&PzWPnMBn

. .
"Bg Sg Pz Yg Am Pn Ba

EMG
(mv)

600

- 500 |

400

300

200 |

100

Fig. 7-13. Statistical analysis with Sheffe’s multiple range test (*

Fg Sg Pz Yg Am Pn Bq

Eg Pz Sg Yg Pn Am Bg

B MXPMM

®|AVPMM

B MXNMM

DAVNMM |

Eg; Egg white, Sg; Sausage, Pz; Pizza cheese,

Yg; Yang-geng, Bq; biscuit, Pn; Peanut, Am; Almond

MXPMM; Maximum preferred side masseter muscle EMG,
AVPMM; Average preferred side masseter muscle EMG,

MXNMM; Maximum noh-preferred side masseter muscle EMG,

AVNMM; Average non-preferred side masseter muscle EMG
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ABSTRACT

A STUDY ON THE EFFECTS OF TEXTURE OF FOOD ON
CHEWING MOVEMENTS AND EMG OF MASTICATORY MUSCLE

Lee-Ra Cho, Kwang-Nam Kim, |k-Tae Chang, Seong-Joo Heo

Department of Prosthodontics, School of Dentistry, Seou! National University

To elucidate the effects of food texture such as hardness, cohesiveness, adhesiveness
on mastication procedure, the electromyographic activity (EMG) of the masticatory muscles
and the chewing movements were analyzed in eighteen young subjects during ordinary
chewing. Seven different foods were selected by sensory texture profiling and mechanical
test with texturometer; egg white, sausage, pizza cheese, yang-geng, biscuit, peanut and
almond. The indexes of jaw movements used were the chewing number, chewing time,
maximum opening, average opening, closing velocity and opening velocity. The EMG indexes
analyzed were maximum and average integrated amplitude of the anterior temporal and
masseter muscles. '

The results obtained were as follows.

1. The chewing time and chewing number, mandibular displacement and mandibular move-
ment velocity were not changed by the hardness, cohesiveness and adhesiveness of
the food (p>>0.05).

2. The harder food materials showed a higher amplitude of the anterior temporal muscle
integrated EMGs than the softer ones (p<0.05).

3. The maximum and average integrated EMGs of the masseter muscle increased with
the increase of hardness of the food (p<C0.05). '

4. The integrated EMGs of preferred side and non-preferred side masticatory muscles
increased with the increase of hardness of the food (»<C0.05).

5. The adhesiveness and cohesiveness of the food were not the determining factor to the
integrated EMGs of masticatory muscles (p<0.05).

Key words : Chewing movements, Integrated EMGs, Hardness, Cohesiveness, Adhesive-
ness



