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Abstract

Electromyography (EMG) using surface electrodes and mechanomyography (MMG) that are non-invasive methods were
applied during oral processing of various food items. EMG has been widely used for the study of food texture, wheareas
MMG has not been applied. A wide range of food samples such as thin liquid, thick liquid, soft gel, and two hard gels were
used because their methods of oral processing are different. Electromyogram of both masseter and suprahyoid muscles and
mechanomyogram of the right masseter muscle were recorded while normal subjects freely ate 6 g of food samples. Masseter
muscle activity was shown, and the MMG signal was observed at the beginning and ending of the masseter EMG burst for
each chew. Both EMG and MMG could analyze mastication kinematics such as the number of chews, masticatory time, and
chewing cycle. The EMG signal amplitude increased for harder food items that required a greater chewing force, but the
MMG signal amplitude did not relate to the food texture. These results suggest that both methods are useful for studying

mastication kinematics, but EMG is more suitable for the study of food texture.
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Setting of EMG electrodes and an MMG sensor

The electrodes for EMG of the left masseter muscle are placed on the left side of the cheek.
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Table 1. Mechanical properties of food samples

Sample Hardness Cohessiveness Adhessiveness Fracture Stress Fracture Energy

(kPa) (J/m*) (kPa) (kJ/m”)
Water 0.166 a 0.998 ¢ 141c¢ nf nf
Sol 0.334 a 0.907 d 421c¢ nf nf
Jelly 146 a 0.341 a 250¢ 1.46 a 0.158 a
Cheese 332b 0.606 ¢ 78100 a 258 b 29.6b
Agar Gel 593 ¢ 0.393b 47400 b 593 ¢ 544c

Mean values of more than 3 replicates.
nf, not fractured.

‘Cohessiveness’ of liquid samples written in ifalics relates to fluidity and does not mean cohesive property.

Mean values followed by a different alphabetical letter were significantly different as determined by Tukey’s

multiple comparison test.
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Fig. 2 Texture profile curves of five food samples

(a) Sample inacup (@40 mm X 15 mm) is compressed using a cylindrical probe (¢ 20 mm) .

(b) Sample (15 mm thick) is penetrated using a cylindrical probe (¢ 3 mm) .



V=10 TH o7z, B =138 151 b OEME
BomEE N TEEME] 3R>V V> — Lk
LD, KOMEIZIFIZL 7207z, BEHTANTZKIZ
B ICRE) L, JTCOTRICIR S 7208 254 IS 1N
A PERUEBICR S, VIVTIRIEMRBITOIREIZ
A E TICHRERID A 5 2%, REBRSM (F M EE
Imm/s) TIXEE 254 M FTITFIZAEL TV 5720
[efEE | 130907 & 572, LA L, & LD
FAUE, E254 FETICTORRERA K, BT
O [EEME] ML 2B, T2 TRAKEI VD [H
BV E, BHELR T ETIERL, WHRITHBLR
TEERLTBY, RRoFREL 3R,

B2 W CHIEME3 % &5 T, Fig.2(b) X9 %
T AF X —WEEENRA SN, T oRMmE,
AT LT EIZR 1006, i, 79y vy —o
RESIDVPEL L7720, 1000850 L < o7z Table]
WRTEHIZ, ERFAVEF—XZHEBTHE, [
S AXERT NV, [EEN] BXO TEN] 35—
ADFNEL oz,

KRV WIZHEAETH Y, HEHRIZANLGZWERZRT
v, HFTHRIEEN, TENTHUBTIICHE > T
e, FERIKIZESICHETY S —J, i
O EZZ-TYH, HEOBTEMZ TH%IEEE

83

ML, OPERTIHEmMEINT 7 AF v —=12L o TAN
TinshEE N2, BER VRS HVEY) —D X
I AL, WA EER> TEER G2 NEDT
L, OENICBWTHUE L) REERETH5 25
NBEEZLND. WAKE BEREEZF U LMCl
BME T 5 2 EITHEEZD, FEAEOERITIZFD
FHOBEZRTIDOTHY, L3 LdHRL LA
AR B EITRS .

2. b MEIERR

Fig. 3 138 LiE o 7210 (f0) & BT (F5) O G 8
DOBITH B, B UIXZREIZIZHION T 2 K&
AR & < BIN, BHLIRIZIZBIR Th 5 F45 Lk
MBI L 72, oM EEO, IO &
MTHRCH  BIgE SNz, ARFZE TS 2 R
LTw32s, oty axrHvcaEn LX) RS
ENTVR YD LR S A I v 7 THEIHRIBE R
7z.

Fig. 4 1%, K, YV, ) —olEHEREosTh 5.
RIFEHICHET S, BIOmMEMSITEACHES
Nhpotz, TIVIIEEROW T2 rbhb2Ed%
{, ZOFITIEIMETINTWD, HF LT A
THIEHNTBY, T0F 43I 27T, §ORN

RM MMG |-

Channel T
H

m/s?

Channel

RM EMG
1mV
LM EMG g‘——wmnww e
1mV
SH EMG | i WWM»MWMMWW
1 mV

Time

Fig. 3 MMG and EMG signals during clenching and jaw opening

From top to bottom, mechanomyogram of the right masseter muscle, electromyogram of right and left masseter muscles, and

electromyogram of suprahyoid muscles.
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Fig. 4 MMG and EMG signals for (a) water, (b) sol,and (c) soft jelly samples

Channels and subject are the same as Fig. 3.
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Fig. 6 MMG and EMG signals for cheese

Channels and subject are the same as Fig. 3.
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Table 2. Mastication parameters for different food samples
Mean EMG Mean EMG Total EMG Mean EMG Total EMG
Number of . . . .. . -
X Chewing amplitude duration activity duration muscle activity
Sample chewing . .
cycle(s) of masseter of masseter of masseter of suprahyoid of suprahyoid
cycles
muscles (mV.s) muscles (s) muscles (mV.s) muscles (s) muscles (mV.s)
Water 11la nd 0.513 ab 0.796 b 0.029 a 0.927 b 0.053 a
Sol 1.7a 137 b 0.462 a 0.550 ab 0.035a 0.827 b 0.070 a
Jelly 37a 0.908 a 0.441 a 0.517 ab 0.057 a 0.632 ab 0.096 a
Cheese 30.1b 0.714 a 1.03 be 0.324 a 0.808 b 0.399 a 0.876 b
Agar Gel 29.6b 0.702 a 1.34 ¢ 0.309 a 0.935b 0422 a 0.748 b

Mean values of 9 subjects X 2 replicates.
nd, not determined.

Significantly different parameters among 5 samples determined by one-way analysis of variance are listed.

Mean values followed by a different alphabetical letter were significantly different as determined by Tukey's multiple comparison test.
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